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FOREWORD 
The contacts with Europe led to a deeper inquiry of our own heritage 
at the turn of the last century as well as to an interest and admiration of the 
spirit and achievements of European civilisation. Ram Mohan Roy, the pioneer 
of this movement directed his major thrust towards social and religious reforms. 
Side by side grew increasing curiosity towards the achievements and the spirit 
of science. The intellectual ferment led to the realisation of the importance of 
science not only as a curiosity but as a social and national force. Dr. Mahendra 
Lal Sircar and his associates imbued with this appreciation of the importance of 
science founded the Indian Association for the Cultivation of Science in 1876. 
The objective of the Association was and still remains "to cultivate science in 
all its departments both with a view to its advancement by original research 
and to its varied applications to the arts and comforts of life". 
In this book we try to take a brief look at the past hundred years of the 
scientific endeavours and achievements of the Association. Starting out with a 
dual effort to encourage scientists to carry out research by creating research 
facilities for them to avail of and initiating a series of public lectures and 
discussions in scientific topics of current interest to awaken and amplify public 
awareness of science, the Indian Association soon became well known to scientists 
of Calcutta as a place where they could "indulge" in scientific research in their 
spare time. 
During the early years of this century, the Association became the only 
place in India where smtained non-institutional research work could be carried 
out. C. V. Raman began his researches in 1907 in the fields of acoustics of musical 
instruments at the Indian Association followed by his investigation in scattering 
of light, X-ray diffraction etc. These have been briefly summarised. The research 
work on the scattering of light culminated with the discovery of Raman Effect 
which earned for Raman the Nobel Prize in Physics for the year 1930. The work 
on crystal magnetism by K. S. Krishnan in the thirties and forties made great 
impact on the physicists who were studying the crystalline state. The pioneering 
researches carried out by Raman and others in the laboratories of the Association 
put India quite prominently in the world map of physics. 
World War II has revolutionised methods of scientific research, science 
emerged as a multidisciplinary venture with teams of workers co-operating 
towards a common objective. The cost of scientific equipments became so high 
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as to make sharing of facilities by different groups a necessity. Immediately 
after independence under the leadership of M. N. Saha a new expansion 
plan was put through for the study of molecular structures by a bar..d of physicists 
and chemists. The creation of four departments of physics and four of chemistry 
was designed to enable the Association to tackle problems of material science 
which require multidisciplinary approaches. 
The current phase of activities of the Association builds on this pc.>.st to 
bring about a sense of research priorities to meet national requirements. The 
Indian Association for the Cultivation of Science has come a long way in the 
last one hundred years. In its evolution one can see both the continuity of the 
underlying purposes laid down a hundred years ago and the adaptation to the 
changing needs and perceptions of the nation. 
B. D . NAG CHAUDHURI, President 
Indian Association for the Cultivation of Science 
PREFACE 
The Indian Association for the Cultivation of Science came into existence 
in 1876 as an embodiment of the desire of Dr. Mahendra Lal Sircar to create 
an institute where Indians could do scientific research work independently. 
It is fit and proper that a book should be prepared with the help of which 
one can scan over the activities of the Association during the last hundred 
years. With that in view this centenary volume has been contemplated by the 
Steering Committee for Centenary Celebrations which has entrusted the task 
to the Publication Sub-Committee with Dr. U. R. Ghatak as the Chairman. 
In going back to the past it is felt that the emergence of this institute is not 
an isolated event, it is part of an intellectual renaissance which was sweeping 
Bengal during the nineteenth century. The book brings to bold relief the salient 
points of the outstanding contributions in the physical sciences by Professor 
C. V. Raman, Professor K. S. Krishnan and many others working in the labo-
ratories of the Association under the dynamic leadership of Raman. Since 
the Independence of India in 1947, the Association took a programme of 
expansion of its activities under the initiative of Professor M. N. Saha who 
drew up a comprehensive and integrated plan of research for study of molecular 
structure both from the side of physics and chemistry. The plan envisaged the 
important role that science would play in the economic resurgence of the 
country. All these years, the Association has been endeavouring to give practical 
shape to the noble objective with which it was established. This volume gives 
brief reviews of the research contributions of the Association in the different 
branches of physics and chemistry which will provide valuable information 
about the nature of scientific activities together with results arrived at. The 
Centenary Volume also gives us an opportunity to compile detailed historical 
information and records, a list of the persons associated with the Institute in 
various capacities, and a complete bibliography of the papers published from 
the Association since its inception. This difficult task, the Publication Committee 
has executed with admirable devotion and lightning speed. I hope this Cente-
nary Volume written and published under the above background will be of 
value to the readers. On a personal note, I should like, as convener of the 
Steering Committee, to thank all those who have contributed the various 
historical and scientific write-ups and those on whom fell the most difficult 
task of editing the articles to maintain the continuity of the narration. 
Finally, I must acknowledge with gratitude the financial assistance of the 
Governments of India and West Bengal without which this venture could 
not be undertaken. 
D. BAsu, Convener 
Steering Committee for 
the Centenary Celebration 

INTRODUCTION 
THE founding of the Indian Association for the Cultivation of Science in 1876 
was a milestone in the history of renaissance of modern India. This volume is 
published to commemorate the historical event of the completion of one hundred 
years of existence of the Science Association. 
This Institute owes its origin to the vision and initiative of Dr. Mahendra 
Lal Sircar who was the first Indian to perceive the important role that science 
can play in the regeneration of the modern Indian society. Through his sus-
tained efforts the Association was established with "the object of enabling the 
natives of India to cultivate science in all its departments by original research 
and to its varied applications to the arts and comforts of life". The Association 
was inaugurated at 210 Bow Bazar Street, Calcutta, on July 29, 1876, and 
its work began practically from then. 
The completion of a century in the life of an Institute like the Indian 
A.ssociation is an opportune moment to contemplate upon its past struggle and 
achievements, and to look forward to the future with hope and determination. 
The Council of the Association, in a meeting on July 30, 1972, decided to cele-
brate the Centenary of the Association on July 29, 1976, in a befitting manner, 
and set up a Steering Committee for the purpose. One of its first decisions was 
to publish a Centenary Volume incorporating the historical developments 
and scientific activities of the Association since its inception. A Publication 
Sub-Committee was formed, which in consultation with the Steering Committee 
planned the contents of the proposed volume and made tentative assignments 
to a number of staff members of the Association for the write-ups of the various 
chapters. The Sub-Committee was reconstituted and the present Publication 
Sub-Committee took over in mid-1975, which was subsequently expanded by 
co-opting a few other members. The Sub-Committee requested writers to pro-
vide input for the various subject areas, record materials and bibliography. 
This continued into early 1976 even as the manuscript went to press. 
The Indian Association passed through different phases of developments 
during these hundred years and many of the pertinent records are not readily 
available. It is not an easy task to select and organize all these diverse materials 
and to present them in a unified and consistent manner in a single volume. 
The Committee, therefore, decided to bring together all the relevant matters, 
as far as practicable in a chronological unfolding of events during the four 
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major transition periods of the Association, in the first part of this volume. In 
the second part, the scientific research contributions by the various research 
departments of the Association since its reorganization after the Independence 
in 1947, grouped into several broad areas of Physics and Chemistry, have been 
briefly reviewed. The third part of this volume is a kind of monument of 
memory and records, and includes a list of the persons associated with the 
Institute in various capacities. This part also contains a bibliography of the 
papers published from the Association since its inception. 
The opening chapter of Part I, incorporates a critical account of the 
fascinating early period (1876-1906) of the A%ociation including the back-
ground of its foundation under our illustrious founder, Dr. Sircar. The second 
chapter unfolds the events under C. V. Raman during the years 1907-I 933, 
the historical perspective and various other developments including brief 
reviews of the monumental research contributions by Raman and his co-workers 
in diverse fields of physica l sciences which put India in the world map of science. 
The third chapter covers the subsequent developme nts of the Association under 
K. S. Krishnan and others during I 933- I 946, and gives an accou:lt of their 
significant research contributions. The concluding chapter of Part I relates the 
growth and expansion of the Association since I 947 first under the dy,1amic 
leadership of M. N. Saha and under others after his demise in I 956. 
The second p 'ut of this volume incorp::>rates brief reviews of the research 
coatributiom by the different research departments of the A5sociation since 
I947, under the broad classifications in the following eight chapters: 5·1 Atomic 
and Molecular Physics, 5·2 (a) E[ementary Particle Physics and Nuclear Physics, 
(b) Relativistic Cosmology, 5·3 Solid State Physics, 5·4 Chemistry of Large 
"Molecules, 5·5 Chemistry of ( :a-ordination Compounds, 5·6 Synthetic Organic 
Chemistry, 5· 7 Analytical Chemistry, and 5·8 Chemistry of Solutio!"ls. 
Besides chapter one, which has been written by S. N. Sen, all other chapters 
of this volume are the outcome of the collaborative efforts of the staff and 
reaearch fellows of the d ifferent departments. The final pattern of presentation 
involved organization of these materials into different topics each of which is 
reasonably complete in itself. The editing of the different chapters were done by 
S. C. Mukherjee and S. B. Bane1jee (Chapters 2, 3, 5.1 , 5.2 and 5.3), D . Basu 
and U. R. Ghatak (Chapter 4), A. K. Chaudhuri (Chapter 5.4), S. P. 
Ghosh (Chapters 5.5 and 5.7), U. R. Ghatak (Chapter 5.6) and S. K. 
Sengupta (Chapter 5.8). 
The Publication Sub-Committee likes to express its sincere gratitude to 
Dr. V. Radhakrishnan, Director, Raman Research Institute, for kindly provid-
ing with a complete list of the published papers of Prof. C. V. Raman, which 
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made it easy to compile the list of publications of Raman and his collaborators 
from the Association. The Committee is indebted to Dr. L.A. Ramdas, Scientist 
Emeritus, National Physical Laboratory for some rare photographs. 
The Sub-Committee also takes pleasure in acknowledging the generous 
assistance of the following persons in supplying the necessary materials for the 
various chapters: 
G. S. Kastha 
S. B. Roy 
D. K. Mukherjee 
N. G Sil 
V. P. Gautam 
D. P. Bhattacharyya 
H. Roy Chowdhury 
P. K. Mallick 
S. K. Sur 
S. Saba 
A. Bose 
A. K. Dutta 
R. K. Sen 
S. P. Sengupta 
A. K. Barua 
D.P. Sural 
A. S. Ghosh 
B. C. Saba 
S. Roy 
(Mrs.) K. Roy 
R. Bhattacharya 
(M1s.) D. Ghosh 
R. K. Mukhcijcc 
S. R. Palit 
B. M. Manda! 
A. K. Banthia 
C. V. N. Rao 
A. K. Mukhe1jee 
D. K. Basu 
B. P. Chatterjee 
P. C. Dutta 
D. Mukherjee 
R. V. Ver>kateswaran 
(Miss) S. Chakrabarty 
N. K. Dutta 
S. N. Poddar 
D. Banerjca 
The members of the Sub-Committee also record their appreciation to 
many of their research colleagues and fellows for checking the references and 
proof-reading of galley sheets, to the administrative staff for the typing and 
other secretarial works, and to the authorities of Sree Saraswaty Press Ltd. for 
the publication of the volume at a very short notice. 
The Centennial Volume is thus a co-operative undertaking and the 
Committee thanks all those who have in various ways assisted it in the task 
of preparing the present volume, and assure that they deserve a fair share of 
the credit for any success in this venture. Undeniably, there may be many 
imperfections or shortcomings in executing such an ambitious project, but the 
Committee takes comfort Jl:om the view that it is better to finish an imperfect 
book than never to finish a perfect one. 
Calcutta 
July, 1976 
U. R. Ohatak, Chairman 
S. C. Mukhe1jee 
A. K. Chaudhuri 
S. B. Banerjee 
S. N. Bhattacharyya 
S. P. Ghosh 
M. N. Bagchi, Secretmy 
Publication Sub-Committee 
PLATE I 
Mahendra Lal Sircar was born at Paikpara, Howrah on the 2nd November, 1833. He received 
his ear?;~ education in the Hare School and the Hindu College. Mahendra Lal joined the Medical College, 
Calcutta from where he passed the final examination in Medicine in 1860 and look the M.D. Degree in /863. 
Dr. Sircar was appointed a Fellow of the Calcutta University in 1870 and Sheriff of Calcutta in 1887. He 
was a member of the Bengal Legislative Council from 1887 to 1893 and was connected with many learned 
societies of Calcutta. In 1876, he founded the Indian Association for the Cultir•ation of Science, the first 
Institute for science research in India. He was the Honorary Secretary cif the Science Association since its 
establishment till his death on the 23rd Febru2r)'. 1904. 
210 Bow Bazar Street, Calcutta 
CHAPTER ONE 
THE EARLY PERIOD: 1876-1906 
The Background · 
THE Indian Association for the Cultivation of Science, established at the begin-
ning of the last quarter of the nineteenth century, owed its inception to the 
spirit of self determinism generated by the cultural, educational, . religious, 
social and political movements of the times. The thoughtful article entitled 
'On the desirability of a national institution for the cultivation of sciences by 
the natives 'of India', which its founder Dr. Mahendra Lal Sircar wrote in the 
August 1869 issue of the Calcutta Journal of Medicine, as a preamble to his proposed 
institution, clearly reflected this spirit. In this article, Mahendra Lal dwelt at 
length on the achievements of the ancient Indians in various branches of learn-
ing, particularly the positive sciences, argued against the contention that the 
Hindu mind was pre-eminently metaphysical, coolly analyzed that the country's 
underdevelopment was basically due to her backwardness in sciences and un-
2 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
hesitatingly advocated that her salvation lay in the cultivation of sciences by 
original research. Such insistence on the role of science in the development of 
a country, normal and natural as it may appear today, was doubtless amazing 
in the conditions prevailing in India hundred years ago. Yet it was not quite 
so amazing if one recalls the cultural, literary and intellectual ferments that 
characterized the first three quarters of the nineteenth century, first in Bengal 
and then in the rest of India. 
Such ferments were inevitable when two civilizations met. During the 
eighteenth century, India was slowly exposed to European civilization through 
an increasing flow of Jesuit missionaries, European medical men, naturalists 
and adventurers and the varied products of its arts, crafts and manufacture. 
Submerged by the political and military turmoils of the times, this exposure 
took a concrete shape towards the end of the century with the foundation in 
1784 of the Asiatic Society by Sir William Jones, a Puisne Judge of the old 
Supreme Court at Fort William in Bengal. A distinguished scholar and linguist 
deeply interested in oriental researches, William Jones embarked upon a pro-
gramme of study envisaging Man and Nature within the geographical limits of 
Asia. Thus the geography and the annals and traditions of Asian nations, their 
civil and religious institutions, their methods in arithmetic, geometry, mensura-
tion, mechanics, optics and astronomy, their skill in surgery and medicine, 
anatomy and chemistry, their system of morality, grammar, rhetoric and dia-
lectic, their agriculture, trade and manufacture, in fact, all conceivable forms 
of human activity, came under the purview of its study and investigation1• 
One result of these studies, deemed to be of far reaching consequence, 
was the rediscovery of the vitality and excellence of ancient Indian literature 
and science and the wide influence these had once exerted upon other cultures 
of the old world. Thus Charles Wilkins produced an English translation of the 
Bhagavadgitii in 1785, the Hitopadeia in 1787 and the Sakuntala episode of the 
Mahiibhiirata in 1795. Jones' translations of Kalidasa's Sakuntalii in 1789, ]J.tusarrz-
hiira in I 792 and the Law books of Manu, and his investigations into the Indian 
concept of the zodiac, chronology, plant science and other technical literature, 
received wide acclamation and created a deep impression in the minds of men 
like Goethe and Herder. Jones' pioneering work was followed up, both in India 
and in Europe, by a band of Sanskritists and Orientalists gradually unfolding 
the wealth of the Vedic literature, the Sarrzhitiis, the Briihmar;as and the Upani$ads, 
grammar, lexicography, the six philosophical systems, dharmafiistras, arthasiistras, 
and architecture, astronomy, astrology, mathematics and medicine. The dis-
covery of such supreme achievements of the human mind was bound to have 
a lasting effect upon a slowly awakening people who had forgotten its past. 
Another result of no less significance was the experience of observing, 
even iffrom outside, the work of European scientific men laying the foundations 
of field sciences,-trigonometrical surveying, geodesy, geology, meteorology, 
zoology, botany, anthropology and so on2• These men who came out to India 
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to serve under the East India Company in various capacities were medical men, 
Royal Engineers, civil and military officers, with a good grounding in mathe-
matics and natural sciences. Reuben Burrow, T. D. Pearse and R. H. Cole-
brooke, associated with the Survey of India, were competent mathematicians 
and astronomers. So were Captain William Lambton, the founder of the Great 
Trigonometrical Survey of India, Captain Basevi, the discoverer of gravity 
anomalies and the Venerable Archdeacon Pratt, the author of the famous 
theory of isostatic compensation. Indian geology emerged out of the work of 
H. W. Voysey, well known for his early work on the diamond mines of Southern 
India, Capt. J. T. Newbold, remembered for his stratigraphical geology of South 
India, J. D. Herbert who carried out an extensive mineralogical survey of the 
Himalayan districts, Huge Falconer, the discoverer of the Tertiary Age in the 
Sivalik formation, and Thomas Oldham, noted geologist and first Superintendent 
and organizer of the Geological Survey of India established in 1851. The 
Meteorological Department which just celebrated its centenary resulted from 
the researches of James Prinsep, T. J. Boileau, Messrs Schlagintweit and H. F. 
Blanford. The foundation of Indian botany was laid by Koenig, William 
Roxburg, Nathaniel Wallich, Hooker and others. The brilliant work of these 
men demonstrated, as nothing else did, the effectiveness of modern European 
science and scientific method and at the same time explained to the discerning 
mind the cause of European ascendency. 
In all ages and countries education has been the principal instrument of 
change. The good work of the early orientalists caused a widespread feeling that 
training in the classical literature and sciences of India constituted the proper 
method of educating young minds in this country. The establishment of some 
of the earliest institutions such as the Calcutta Madrasah in 1781, the Benares 
Sanskrit Pathsala in 1791, and the Sanskrit College in 1824 was stimulated by 
such thought. But the result was disappointing. Soon a demand arose for 
Western education in arts and sciences. Raja Rammohan Roy, in his famous 
letter to Lord Amherst, gave eloquent expression to this demand asking for 'a 
more liberal and enlightened system of instruction, embracing mathematics, 
natural philosophy, chemistry and anatomy, with other useful sciences' 3• 
A long drawn controversy between the Orientalists and the Anglicists started, 
ultimately ending up with the victory of the exponents of Western education 
and science. In this controversy, Hindu College, established in 1817 under the 
initiative and enterprise of prominent citizens of Calcutta for spreading Western 
education, played an important part. As far as .instruction in sciences is con-
cerned, a promising future was opened up with the foundation of the Calcutta 
Medical College in 1835 where capable men like O'Shaughnessy and Wallich 
were appointed to teach Chemistry, Natural Philosophy and Botany. 
Special mention should be made of the part played by the Hindu College, 
the breeding ground of Young Bengal for several decades. Here, under the 
influence of teachers like Derozio, the students absorbed the new thoughts of 
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Bacon, Locke, Hume, Bentham and Adam Smith, avidly read Gibbon and 
Rollins, drank deep from Shakespeare and Milton and became fascinated with 
the expanding world of Newton and Laplace. Little wonder that in the Parthenon, 
a periodical started by the Hindu College boys, the subjects of discussion and 
comments were women's education, necessity of cheap justice, the curse of 
superstition, or that Madhusudan Datta planned his immortal epic after 
Virgil, Dante and Milton. Commenting on this period, Acharya Prafulla 
Chandra Ray observed: 'There was ferment all round. A new world had been 
opened out; new aspirations were awakened. Roused from a period of stupor 
and stagnation Young Bengal began to realize that there were immense possi-
bilities in the Hindu nation. The literature of this period breathes lofty patriot-
ism. Political associations and newspapers had also been started to give expres-
sions to the pent-up feelings and ventilate the grievances of a subject people' .4 
Formulation of the Scheme 
Mahendra Lal Sircar (born November 2, 1833) had a distinguished career 
both at the Hindu College and later on at the Calcutta Medical College from 
where he obtained his M.D. degree in 1863, standing first in order of merit. 
A brilliant product of the English education with a good grounding in Western 
sciences, he was fully imbued with the nationalistic spirit of the times. Although 
he was fortunate in his scientific attainments due largely to his education at 
these two premier institutions, facilities for teaching in science were practically 
non-existent in the educational institutions. The emphasis was largely on arts 
and humanistic subjects. The amount of science which the pursuit of a medical 
curriculum allowed in those days was hardly sufficient for any advanced career 
in science. There was even hardly any scope for learning what was going on 
in science in the advanced countries of Europe. The few scientific institutions 
such as the surveys that were established by the Government were of course 
equipped for advanced studies and research, but these were exclusively manned 
by, and meant for, the Europeans, and their gates were generally barred to the 
Indians on the ground either of their lack of training or incompetence. 
It was the unique merit of Dr. Mahendra Lal Sircar to realize that science 
would never strike a deep root in this country through the process of its introduc-
tion in the educational curriculum alone. What was needed was an institution for 
the creation of mass interest in science and for the training of scientists capable 
of undertaking original researches. He had doubtless got his ideas from the 
examples of the Royal Institution of Great Britain and the British Association 
for the Advancement of Science. The Royal Institution was founded in 1799 
'for diffusing the knowledge and fascilitating the general introduction of useful 
mechanical inventions and improvements and for teaching by courses of philo-
sophical lectures and experiments the application of science to the common 
purposes of life.' Here Thomas Young, Humphrey Davy, Michael Faraday, 
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Tyndall, Dewar and others carried out brilliant pieces of research work and 
charmed the audience of London by their equally brilliant popular expositions 
and demonstrations of science. The British Association was created by Sir 
David Brewster in 1831 to offer a forum for scientific debates and discussions on 
current investigations under way and to disseminate science among the people. 
In his article in the Calcutta .Journal of Medicine, where Dr. Sircar first proposed 
the establishment of such an institution, he wrote as follows: 
" ... We want an Institution which will combine the character, the 
scope and objects of the Royal Institution of London and of the British 
Association for the Advancement of Science. We want an Institution 
which shall be for the instruction of the masses, where lectures on 
scientific subjects will be systematically delivered and not only illustrative 
experiments performed by the lecturers, but the audience should be 
invited and taught to perform them themselves. And we wish that the 
Institution be entirely under native management and control . . .. ". 
Dr. Sircar's article and the project for the establishment of an association 
for the cultivation of science received wide appreciation from the enlightened 
section of the public. Encouraged by the response, he published a prospectus 
in the Hindoo Patriot dated January 3, 1870 and invited all well-wishers of 
progress of India to contribute their quota in furtherance of the project. The 
Hindoo Patriot, originally known as the Bengal Recorder was founded by Giris-
chandra Ghosh in 1849 and developed, under the able leadership of Harish 
Chandra Mukherjee, into a powerful nationalist paper of the educated middle 
class. The paper, in its editorial columns, supported the great venture of Dr. 
Sircar and regularly published notices and reports of activities of the 
Association as long as it was in circulation. The first subscription account 
was opened on January 24, 1870 with a contribution of Rs. 1000/- from 
Babu Joykissen Mookerjee of Uttarpara and Rs. 2000/- from Raja Kamal 
Krishna Bahadur, followed by similar contributions from Raja Digambar 
Mitra, Babujogeshwar Singh, Pandit Iswar Chandra Vidyasagar, Maharaja 
Jotindra Mohan Tagore, Hon'ble Dwarka Nath Mitter, Kumar Girish 
Chunder Singh, Hon'ble Ramesh Chandra Mitter, Hon'ble Anukul Chandra 
Mookerjee and several others. 
Meetings of Subscribers 
The project was kept before the public eye for five years for occasional 
debates and discussions about its scope and purpose and for attracting sufficient 
funds for its materialization. By early 1875 a new interest in science was generated 
by Reverend Father E. Lafont's project of building a spectra-telescopic obser-
vatory at the St. Xavier's College, Calcutta. This great Jesuit teacher and lover 
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of science was one of the most enthusiastic supporters of Dr. ~kfar's scheme and 
helped the Association in its development in various ways. The new Lieutenant 
Governor of Bengal, Sir Richard Temple, who was keen to encourage science 
teaching in the educational institutions, expressed his appreciation and support 
to the proposed scheme of Dr. Sircar when he heard about it.* The first meeting 
of subscribers was held on April 4, 1875 at the Senate House of the Calcutta 
University in the presence of about forty gentlemen. Hon'ble Digambar Mitra 
was voted to the chair. 
At this meeting, Dr. Sirkar gave a fresh exposition of his scheme and 
explained the object and the modus operandi of his proposed institute. Here 
we find him stating very clearly that the need for science education is not to 
be met unless competent science teachers are produced in the country in 
adequate numbers, that science teaching and learning are a process which 
must be accompanied by original research and that science is a part of culture 
which must be cultivated for its own sake. In his own words: 
"One of the great obstacles to the introduction of science into our 
schools and colleges is the paucity of indigenous teachers. Now the 
Institution, such as I want with your aid to establish, will in time furnish 
abundance of teachers, and thus be a great help to Government in 
carrying out its purpose of diffusing a knowledge of the sciences .... 
Now Gentlemen, as to the plan of working the Association. The great 
and chief, or I should have it, the sole function of the Association will 
be pure science-learning and science-teaching, apart from all bread and 
butter, or as I believe, you will like better, rice and dal question .... 
There is at present a sad deficiency of scientific culture amongst our 
countrymen. That deficiency has not, and can never be met in schools, 
even if the utmost efforts were made by Government for the most efficient 
teaching of science in those schools. In school pupils can never rise to 
the state of practical workers in science, so as to be able to carry on 
independent investigations, not because of any fault in the psychology 
of the pupils themselves, but because such a thing is impossible in statu 
pupillaris. Men must continually be at a subject, observing and experi-
menting, before he can acquire that knowledge of it which will enable 
him to feel his own deficiencies and the deficiencies in the branch of 
science which he has made his speciality,-before, indeed he can engage 
with any hope of success in researches which will improve both him-
self and his science." 
*In 1902, the Annual Meeting of the Association, while condoling the death of Sir Richard 
Temple, recorded as follows: "We do not exaggerate when we say that the Association, in all 
probability, would not have come into existence had it not been for the timely encouragement 
he gave to its project, and the most needful help he rendered by finding for the nascent institu-
tion a suitable habitation wherein to commence its work at once." (Annual Meeting dated 
4.9.1902, p. 17.) 
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In the absence of such trained men, particularly of any institution to 
produce them, the Government were in the habit of importing such men from 
Europe whenever need arose for teaching or research work in the country. By 
producing capable scientists within the country itself, the Association could 
make an end of this sorry state of affairs. Dr. Sircar confidently believed that 
this would be possible, as he continued: 
"Now, Gentlemen, for want of such men here, Government has to bring 
out men from England whenever any necessity arises for carrying on 
investigations in any subject, and even for professorships in its educational 
institutions. Whether, when our Association will be able to furnish 
such men, Government will accept their services, I cannot venture to 
say, but then there will be at least no excuse for Government to order 
out men from England at necessarily heavier expense. But will the 
Association ever be able to produce men of the character I describe? 
Have we materials wherewith to start the Association? We have materials, 
though necessarily very poor both in number and quality; and it was 
this, in fact, which, in my mind, was the necessity for carrying my 
project into execution and which, fro~ the very beginning, I have been 
making a clear breast of." 
In his article of 1869, Mahendra Lal had stated that his institution would 
combine the character of the Royal Institution and the British Association for 
the Advancement of Science in England. At the 24th Annual Meeting of the 
Association dated September 5, 1901, he again gave out that the Association 
had been founded on the model of the Royal Institution of London. But at the 
first meeting of subscribers he had the practical sense to declare that, in the 
circumstances then prevailing, such an idea was indeed preposterous and 
ambitious, and the optimism to say that one day this humble -beginning might 
culminate into a great institution of that type. He said: 
"Sir David Brewster and Count Rumford found men already in the 
field, ready to work in a fresh direction, and it was only to facilitate their 
communications with each other so as to give a greater impetus to original 
investigations, and to spread a knowledge of science so far as advanced to 
the masses, that they founded their respective institutions. Mine cannot 
in the present at least make any approach to this ambitious character, 
though I am confident that if it succeeds, and I do not see any reason 
why it will not necessarily grow into the combined magnitude and 
importance of both." 
Another significant feature of the scheme was that the proposed institution 
was to be founded, organized and managed with the country's own resources 
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without seeking Government aid. Dr. Sircar believed that, to foster the growth 
of scientific research in an institution he contemplated, sturdy independence 
and freedom from Government interference were a sine qua non. This was the 
basis of his original scheme, and he reiterated it at this meeing as follows: 
"Gentlemen, you are aware that one characteristic of my scheme is that 
we should endeavour to carry on the work with our own efforts, unaided 
by Government, or perhaps more properly speaking, without seeking its 
aid. Now this does not mean that we will not accept any aid from that 
quarter if it comes to us unasked, and unhampered with conditions and 
restrictions, excepting the all important condition of the continuance of 
the Association. Let me not be misunderstood. I want freedom for the 
institution. I want it to be entirely under our own management and 
control. I want it to be solely native and purely national." 
The first meeting of subscribers endorsed the projector's exposition of 
the aims and objects of the proposed Association and directed that immediate 
steps be taken for its establishment. After seven months, the second meeting 
was held on November 20, 1875 at the same Senate House of the Calcutta 
University. Rev. Father E. Lafont, S. J., Rector of the St. Xavier's College 
presided over the meeting. At the time of the first meeting, the subscriptions 
promised had amounted to Rs. 61,000/-, now these rose to Rs. 80,000/-. The 
meeting appointed Raja Jatindra Mohan Tagore, Raja Kamal Krishna 
Bahadur, the Hon'ble R amesh Chandra Mitter, Pandit Iswar Chandra Vidya-
sagar, Dr. Mahendra Lal Sircar and Moulvie Abdul Latif Khan Bahadur as 
Trustees of the Association. A provisional committee of25 persons, with Father 
Lafont as Chairman and Dr. Sircar as member secretary, was appointed to 
draw up a plan for the organization of the Science Association*. 
Provisional Committee's Plan 
The Provisional Committee met on December 16, 1875 at 3 P.M. in the 
Library Room of the Sanskrit College, under the chairmanship of Rev. Father 
Lafont. In his scheme presented before this committee, which was more or less 
an elaboration of his previous writings and speeches on the subject, Dr. Sircar 
stated the object as follows: 
*The composition of the Provisional Committee was as follows: Rev. E. Lafont (Chair-
man), Raja Ramanath Tagore, Babu Joy Kissen Mookerjee, Hon'ble Kristodass Pal, Maul vie 
Abdul Latif Khan, Babu Digamber Mitter, Babu Dwijendra Nath Tagore, Babu Srinath Dop, 
Babu Soorju Kumar Sarbadhikary, Babu Jogendra Chandra Ghosh, Babu Sarat Chandra 
Ghosal, Babu Iswar Chandra Mitter, Rai Kanailal Dey Bahadur, Babu Rama Nath Law, 
Babu Nilmony Mitter, Babujadu Nath Ghosh, Babu Pran Nath Pandit, Hon'ble Raja Narendra 
Krishna Bahadur, Rai Rajendra Mullick Bahadur, Rai Mahendra Nath Bose Bahadur, Pandit 
Mahesh Chandra Nyayaratna, Babu Ananda Prasad Roy, Babu Rajkrishna Mookerjee, Babu 
Prasanna Kumar Sarbadhikary and Dr. Mahendra La! Sircar, Member and Secretary. 
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"The object of the Association is to enable the Natives of India to 
cultivate Science in all its departments with a view to its advancement 
by original research, and (as it will necessarily follow) with a view to 
its varied applications to the arts and comforts of life." 
Regarding the branches of science to be pursued, the scheme suggested 
(1) General Physics, (2) Chemistry, (3) Astronomy, (4) Systematic Botany, 
(5) Systematic Zoology, (6) Physiology, and (7) Geology. General Physics and 
Chemistry, Dr. Sircar observed, constituted as it were the backbone of science; 
claim of astronomy was based on recent discoveries through spectroscopy: 
the importance of the life sciences, e.g., Botany, Zoology and Physiology needed 
hardly to be over-emphasized; Geology which, by calling up the past history 
of the globe, revolutionized the idea of time was an important branch of science 
without which 'an Institute of science would be incomplete'. Dr. Sircar pro-
posed to have the details to be worked out by competent persons. 
Who would teach these subjects and carry on investigations in them? 
The scheme envisaged that, for each subject there should be 'a head worker, 
selected from among the graduates of the colleges, of the Calcutta Medical 
College in particular, who should take charge of the section, devote himself 
entirely to the prosecution of the experimental study of the science assigned to 
it, by the aid of books and instruments placed at his disposal, and under the 
guidance of men who have made the subject their speciality.' With the wise 
selection of such workers and their assistants it would be possible, Dr. Sircar 
hoped, to train them in their subjects so that they would be able to deliver 
lectures systematically on the subject of their mastery and would be led gradually 
to make original investigations. Dr. Sircar expressed no faith in unremunerated 
workers. "We must not forget", he wrote in his scheme, "men have stomachs 
as well as minds. The mind must have leisure to think that it may think with 
any advantage, and this can only be secured by providing for the demands 
of the stomach. In Europe and America this leisured thinking is secured largely 
by state and other appointments. In our country such appointments do not 
exist, and it is chiefly with a view to supply the deficiency and the desideratum 
that I have been striving to found this Association." 
A rough estimate showed that a sum of Rs. 1 lakh would be needed for 
starting all the sections proposed in the scheme. Babu Nilmoni Mitter, engineer 
and member of the committee estimated that Rs. 50,000/- would be required 
for a building consisting of a lecture theatre to accommodate about 300 persons, 
and three adjoining rooms to serve as laboratories, and for a piece ofland about 
a couple of bighas in area whereon to erect the building. All this was clearly 
not possible, to start with; with the sum of Rs. 80,000/- subscribed up to that 
time. The Committee therefore recommended that, instead of waiting for a full-
fledged institute, a beginning should at once be made with only three sections, 
e.g., General Physics, Chemistry, and Physiology. These three subjects were 
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given preference because these 'are the only branches of science which have 
received permanent professorships at the Royal Institution of London'. It was 
estimated that these three sections would require about Rs. 30,000/- for the 
purchase of books, instruments and furniture. 
That was how the sum ofRs. 80,000/- was proposed to be spent for starting 
the institute, leaving nothing for its monthly expenses. The most conservative 
estimate showed that a sum of Rs. 500/-,-Rs. 300/- for the three head workers 
and Rs. 200/- for experiments, publication of transactions and other current 
business, would be necessary each month for running the institute. The Com-
mittee recommended that this sum should be raised from monthly subscriptions 
fixed at a minimum sum of Re. 1 and believed that it would not be difficult to 
raise it 'from our enlightened millionaires, who have already so very nobly come 
forward with donations to found the Association, and who would, we are sure, 
be very glad to help on its continuance after it has come into existence.' 
The Establish~nent, Controversy about Technical Education and the 
Inauguration of the Association 
The Association was formally established at the Third meeting of subscribers 
to the projected Science Association, held on January 15, 1876 at 4 P.M. in 
the Senate House of the Calcutta University. Lieutenant Governor Sir Richard 
Temple presided over the meeting. A large number of subscribers and several 
invited guests which included prominent men like Mr. H. Woodraw, Director 
of Public Instruction, Mr. J. Sutcliffe, Principal of the Presidency College and 
Registrar of the Calcutta University and Prof. Alexander Pedler, Professor of 
Chemistry at the Presidency College, were present. This was a crucial meeting 
not only because the Association was formally established and launched into 
its career of engaging in fundamental studies and researches in sciences but 
because it survived the attacks of the protagonists of technical education who 
wanted to convert the Association into a technical institution. 
For some time past, the Indian League, a semi-political organization which 
became defunct later on had been agitating for technical education and had 
prepared a scheme for the establishment of a technical college on the model of 
technischen Hochschulen such as then existed in Switzerland and Germany. 
The League argued that a technical college would provide the same facilities for 
training in sciences as were being contemplated by Dr. Sircar's projected Asso-
ciation and would at the same time create the much needed employment oppor-
tunities among educated young men. A vigorous press campaign for attracting 
support for the scheme had also been started, in the course of which Dr. Sircar's 
plan for the cultivation of science was criticized as premature and as one intended 
merely for the mental pleasure it afforded. Suggestions were made for the amal-
gamation of both the projects into a single institution undertaking teaching in 
science as well as instructions in the mechanical arts. The Government was 
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approached for its encouragement and patronage, and the records show that Sir 
Richard Temple was somewhat sympathetic to the technical education scheme. 
Dr. Sircar had anticipated all this. He briefed the Governor about the aims, 
objects and the proposed organization of his institute. His supporters, among 
them Raja Ramanath Tagore, Dr. Rajendra Lal Mitra, Babu Digamber Mitter, 
Raja J atindra Mohan Tagore, Raja Kamal Krishna Bahadur, Babu Rajendra 
Dutt and Brahmananda Keshab Chandra Sen, came fully prepared for a debate 
should there be one. Some of the members of the League, e.g. Babu Kalimohan 
Das, its Secretary and Babu Sambhu Chandra Mookerjee were also present. 
After the presentation by Dr. Sircar of the report of the Provisional Committee, 
resolutions bearing on the object, the name and the sections of the Association 
were duly moved and seconded. At the request of the Governor, Sambhu 
Chandra Mookerjee and Kalimohan Das of the Indian League spoke on their 
scheme for the Technical College. The meeting was enlivened by a debate in 
which the learned orientalist Rajendra Lal Mitra,* the seconder of the resolu-
tion concerning the object of the Association took the most prominent part. To 
those who thought time had not come for the establishment of an institution 
designed for carrying on fundamental research, Rajendra Lal replied that 'time 
never came to the sluggard, while the active and energetic could always take it 
by the fore lock, and force it to appear'. Had such scruples stood in the way, he 
reminded his audience, the Calcutta Medical College would never have been 
founded. On the day the Agri-Horticultural Society was established only four 
persons were present, but Dr. Carey considered them ample for a beginning, as 
ample as the tiny seed that develops into a mighty banian tree. On the issue of 
science versus technical education, he declared: 'Science had a higher and nobler 
claim than the narrow, utilitarian, Benthamite one ... It was the most power-
ful lever for progress, for the advancement of civilization, for ennobling the mind 
of man'. 'Do not', he said, 'confound science with technical education in indus-
trial arts. Teach science to the highest extent possible: e~plain and i~lustrate it 
by reference to its bearings on art . . . let every step of science education be 
explained by experiments, for science to be effectually learnt should be learnt 
in the laboratory: but do not attempt to make your Institution a school of techni-
cal education in the industrial arts under the misnomer of practical science.' 
Thanks to the skilful conduct of the meeting by Sir Richard Temple who, 
despite his sympathy for technical education, supported the object and plan of 
the Association, the meeting ended happily with the establishment of the Asso-
ciation with aims and object as recommended by the Provisional Committee. A 
• Dr. Rajendra La! Mitra (1822-1891) was a distinguished historian, orientalist and scholar 
of remarkable talent. Dr. Mitra was first Assistant Secretary and then Librarian of the Asiatic 
Society, of which he later on became a Fellow, Secretary and the first Indian President. He 
contributed original papers on Buddhist ruins and relics, Sanskrit inscriptions, copper-plate 
inscriptions of the Guptas, Sena Rajas of Bengal, and on several other subjects, edited some of 
the Briihma!Jas and Aral)yakas, and prepared descriptive catalogues of rare manuscripts. He 
started the historical journal, the Vividhtirtha Samgraha and a review, the Rllhava-Sandarbha, 
both in Bengali. · 
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Committee of Management was appointed with Sir Richard Temple as President 
and Dr. Mahendra Lal Sircar as Secretary: other members of the Committee 
appointed at this meeting were all members of the Provisional Committee plus 
Rajendra Dutt,Jadu Lal Mallick, Nilmadhab Mookerjee, Keshab Chandra Sen 
and Ananda Mohan Bose. As the meeting drew to a close, Keshab Chandra 
Sen congratulated the country on the successful achievement of what he regar-
ded as an important and useful enterprise to 'be hailed with joy by all classes of 
the educated community'. 
Events moved fast after the establishment of the Association. In a minute 
dated February 21, 1876, the Lt. Governor offered to the Association for occupa-
tion free of all charge of an eligible building with its premises at 210 Bow Bazar 
Street at the junction of the College Street and Bowbazar. The conditions atta-
ched to the offer were that at least Rs. 70,000/- should be actually obtained by 
donations, of which a sum of Rs. 50,000/- was to be invested in Government 
securities and a monthly subscription of at least Rs. 100/- should be 
promised for two years. The minute also conveyed the decision of the Govern-
ment to leave the Association unfettered in the management of its own affairs. 
The offer was readily accepted. The Committee of Management, however, re-
quested the Government to make over the building and premises as a free gift to 
the Association, to which the Government did not agree, but allowed occupa-
tion of the premises 'so long as the Association obtains a monthly income of 
Rs. 100/- (one hundred) in addition to the interest of the Rs. 50,000/- to be in-
vested in Government securities'. 
In this new premises, the Association was formally inaugurated on July 29, 
1876, and its work practically began from that date. At the 3rd meeting of the 
Committee of Management held on August 10, 1876, Rev. E. Lafont, Dr. 
Mahendra Lal Sircar and Dr. Kanai Lal Dey were requested to deliver lectures 
free of charge,-Rev. Lafont and Dr. Sircar on Physics and Dr. Dey on Chemis-
try. The honorary lecturers were 'allowed to charge a fee of eight annas from all 
persons other than subscribers and donors of Rupees 50 and upwards'. A monthly 
expenditure ofRs. 148/- towards lecturer's assistant (Rs. 25/-), Clerk(Rs. 20/-), 
lecture expenses (Rs. 30/-): lighting expenses (Rs. (15/-), collecting Sircar, 
porter, bearer, sweeper and petty contingency was passed. The work started 
with a sum of Rs. 92/- advanced by Dr. Sircar for the purchase of chemical 
apparatus. 
In 1878, Babu Kally Kissen Tagore, the head of one of the three principal 
branches of the distinguished family of'Tagores', offered a Government security 
for Rs. 25,000/- with undrawn interest for the improvement oflaboratory of the 
Association. In addition, he also offered an annual subscription of Rs. 300/- in 
aid of the Association's activities. The donation came as a great relief and made 
it possible for the Association to equip a good laboratory. In announcing the 
princely donation at the Special General Meeting of june 5, 1878, Dr. Rajendra 
Lal Mitra, Vice-President and Chairman of the meeting, observed: "Babu Kally 
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Kissen Tagore has made this generous gift because he appreciates the useful, 
patriotic, and noble object of our Association, because he feels that if it is properly 
nursed it is destined to prove a mighty engine of national advancement. We 
praise in Europe, men like Compt du Moncel, who devote their large fortunes to 
scientific pursuits, ... here the donor, with a disinterestedness, which cannot 
be too highly commended, has generously put in the hands of others the means 
of scientific investigation . . . " 
The Lecture Theatre and the VizianagraJD Laboratory Building 
The building the Association obtained from the. Government was old and 
incommodious. Under conditions of temporary occupation and without rights 
to the property, it was neither possible to build new structures nor make addi-
tions to the existing building for the development of the laboratory, preservation 
of the instruments, accommodation of practical classes and the holding of lec-
tures and demonstrations. Urgent need was felt for a commodius Lecture Theatre 
so that the room then being used for the purpose could be utilized for purposes 
of laboratory and practical classes. On August 19, 1880, the Committee of 
Management decided to apply to the Government, proposing to purchase the 
house and the premises at a price not exceeding Rs. 30,000{-. In a letter dated 
December 3, 1880, the Government agreed to sell the house outright to the 
Association for Rs. 30,000/-. The Government securities worth Rs. 30,000/- were 
sold, and a deed of conveyance was completed by September 1881. 
Soon after the purchase of the house and the premises, the Committee of 
Management appointed a Special Committee, with Dr. Rajendra Lal Mitra as 
Chairman, to look after the question of building a suitable Lecture Theatre. The 
Special Committee met on February 13, 1882 and recommended that a large 
Lecture Theatre capable of accommodating about 500 persons should be built. 
The recommendation also included a proposal for the construction of a tower 
the upper part of which was to be used as an astronomical observatory. Babu 
Nilmony Mitra and Babu Khetter Mohan Bose were requested to draw up plans 
and estimates. 
After a great deal of discussion, two plans (one in the Indian style) were 
prepared by these two engineer members of the Committee. The plans provided 
for a Lecture Theatre, a verandah on the south and a tower, estimated to cost 
about Rs. 30,000/-. At the request of the Governor, the President of the Associa-
tion, the plans were referred to Colonel Trevor and Mr. Martin for opinion. Mr. 
Martin made several costly suggestions to improve upon the architectural ap-
pearance of the building, which could not be accepted for financial reasons, and 
the Association had to be satisfied with good acoustic properties and the desired 
internal accommodation. Messrs Mohendra Lal Chunder and Co. were ap-
pointed as contractors for constructing the building. The foundation stone was 
laid by Lord Ripon, Viceroy of India on March 13, 1882, and the new Lecture 
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Theatre was inaugurated by him two years later at the 7th Annual Meeting 
held on March 12, 1884 before a large gathering of about 700 persons. At this 
meeting, Dr. Sircar was happy to say: 
"My Lord, it is precisely with a view to diffuse and advance among my 
countrymen the special knowledge, here spoken of by His Honour, in 
order to enable my country to shake off its backwardness and once 
more to take part in the intellectual history of the world, that I have, 
with the aid material and moral of the wealthy and the enlightened 
chiefly of Bengal, founded the Science Association in Calcutta, as yet 
the only Institution of its kind in all India, indeed in all Asia. I have 
devoted the best energies of the best portion of my life and as long as it 
will please the Almighty to spare me in this world, I shall not be wanting 
in my devotion to its welfare." 
Dr. Sircar also announced that by the end of 1883, a sum of Rs. 30,700/-
was subscribed to*. There was also an expression of disappointment, for the zeal 
and enthusiasm which had been noticed at the time of its establishment ebbed 
away with years. 'Not a few of my countrymen', said Dr. Sircar, 'had expected 
that immediately after its establishment the Science Association will give birth 
to discoverers in science and inventers in arts. To these the Science Association, 
having failed to do so, has proved a disappointment'. Dr. Sircar pleaded that the 
work of the Association could not be carried on for ever with honorary lecturers. 
Professorships must be founded or the Association would fail to fulfil the object 
for which it had been founded. He took this auspicious occasion to propose to 
establish in the name of Lord Ripon an endowed Professorship, which was 
carried with acclamation. 
Four years later, the need for constructing a new laboratory building be-
came urgent. The old building had become so dilapidated that it threatened to 
come down any moment. At the Annual Meeting held on April 30, 1888, Dr. 
Sircar forcefully advocated the need for a new laboratory building and again 
appealed to the members for funds. In 1889, the Maharaja of Vizianagram came 
to the rescue by making a princely offer ofRs. 25,000/- in aid of the building, of 
which he paid Rs. 5,000{- immediately to enable the Association to start the 
work. Next year, on March 27, 1890, on the occasion of laying the foundation 
stone of the new building by Marquess of Lansdowne, Viceroy of India, the 
Maharaja generously offered a further sum ofRs. 25,000/-, as the plan and esti-
mates involved an expenditure of about Rs. 50,000{-. It was unanimously de-
cided to designate the new Laboratory after the name of the benevolent donor. 
• The Maharaja of Darbhanga, Raja Kumud Narayan Bhup of Bijni and Babu Kally 
Kissen Tagore each contributed Rs. 5,000/-. The Viceroy, the Gaekwad of Baroda, the Maha-
raja of Cooch Behar, Maharaja Kamal Krishna, Raja Sourendra Mohan Tagore and a few 
others subscribed Rs. 1,000/- each. Dr. Sircar contributed Rs. 500/-. 
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The Vizianagram Laboratory was completed in 1891. The laboratory, 141 
feet long by 60 feet broad, contained three central rooms, each 53 ft X 22 ft, ten 
additional rooms, five on the eastern and five on the western end, ahd spacious 
verandahs on the southern and the northern side. The Lecture Theatre was 
connected by a broad platform with a roofed passage. The building was com-
pleted at a cost of about Rs. 40,000/-. 
The Lecture Theatre was the finest auditorium in the city. The Laboratory 
remained an ideal place of scientific work for many years to come. 
Teaching Activity 
The teaching work of the Association, as we have seen, began shortly after 
the inauguration, with the appointment of Father Lafont and Dr. Sircar as 
honorary lecturers in Physics and of Dr. Kanai Lal Dey as an honorary lecturer 
in Chemistry. Father Lafont started his course on 24.8.1876; Mahendra Lal did 
not start his course before 1878; Kanai Lal Dey did not lecture at all. The 
Chemistry lectures were actually started by Tara Prasanna Roy in 1879. The 
progress of work in the first two years was rather halting due to the repair work 
of the building, the illness of the Secretary and Father Lafont's leave of absence in 
France due to indifferent health. The period was, however, utilized in purchasing 
equipments and instruments. A sum of Rs. 4,000/- was advanced to Father 
Lafont for importing from France an assortment of instruments and apparatus 
for illustrating lectures on thermotics, acoustics, electricity and optics. According 
to the Annual Report for the year 1878, 'The laboratory was enriched by a pretty 
large assortment of instruments, electrical, optical and thermotic. Among the 
miscellaneous instruments received toward the close of the year, were a sympal-
mograph, a phonograph, and a Caitellet's machine for the liquefaction of 
oxygen'. All these instruments with the exception of the phonograph, were 
possibly brought to this country for the first time. The following year, the Physics 
department was further equipped by fresh instalments of instruments, chiefly 
thermotic, acoustic, and electrical. A pretty nearly complete set of chemical 
apparatus also arrived, enabling lecture demonstration and practical classes at 
a reasonably high standard. It is needless to emphasize that, for the early history 
of science teaching in this country, the activities of the Association during this 
period are of great significance, and it will be more convenient to discuss them 
subjectwise. 
Physics a1ld Mathematics 
Rev. Father F. Lafont who started the first course of lectures in Physics in 
1876 continued till 1893. He lectured on Light, General Physics and Sound, 
averaging between 20 to 30 lectures per year. His discourse on Light included an 
exposition of the nature of light on the undulatory theory; photometry, laws of 
16 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
reflection and refraction with practical demonstrations; spectroscopy and its new 
role in the discovery of new element.s and unravelling the composition of heavenly 
bodies; the phenomenon of dispersion and colour; the human eye, its defects and 
remedies; optical instruments like the telescopes and microscopes. In General 
Physics, the subjects treated were forces and levers; gravity and the laws of falling 
bodies; the pendulum; the balance; hydrostatics with various methods of specific 
gravity determinations; physical properties of gases and their practical applica-
tions such as the liquefaction of gases. Lectures on acoustics dealt with the dis-
tinction between noise and musical sound; propagation of sound; laws of vibra-
tions of strings; the history and capabilities of Edison's speaking phonograph; 
laws of sound produced in pipes; wind instruments; singing and sensitive flames. 
Mter Father Lafont, Rajendra Nath Chatterjee taught Optics and General 
Physics from 1894 for a number of years. 
Dr. Mahendra Lal Sircar first started his lectures on Static and Dynamic 
Electricity and Magnetism and later on added Heat to his subjects of discourse. 
In Electricity, he used to proceed from the principle of conservation of energy 
through the fundamental phenomena of statical electricity, Leydon jars and 
powerful electrical machines to the history of voltaic or dynamical electricity 
with emphasis on its chemical origin. In voltaic electricity, his favourite topics 
were action of voltaic current upon magnets, galvanometers, mutual action of 
currents and magnets, electro-magnetic phenomena, magneto-electric machines, 
thermo-electricity, Ohm's laws and their applications, the telephone, micro-
phone and telegraphy, the discharge tube phenomena and the Geissler's tubes. 
Laws of magnetic action, processes of magnetization and terrestrial magnetism 
formed his course on Magnetism. With the same thoroughness he used to treat 
of Heat, dealing with thermometry, sources ofheat, change of state, calorimetry, 
laws of fusion and latent heat, Mitscherlich's laws of crystal expansion, hygro-
metry, liquefaction of gases and radiation laws. Marked by great lucidity, Dr. 
Sircar's lectures were rendered all the more attractive through his habitual ex-
position of the subject from a historical point of view, of which some indication 
has been preserved in the annual report for the year 18905• 
In 1885, J agadish Chandra Bose, Professor of Physics, Presidency College 
offered his services to the Association to hold practical classes in Physics. His 
demonstrations included experiments, performed by the students themselves, on 
convulsions of fishes produced by contact of dissimilar metals, Oersted's experi-
ments, polarization of currents, measurement of electric resistance, production of 
magnetic curves, magnetization processes, and experiments on static electricity 
and thermo-electricity. J agadish Chandra held these demonstrations only for a 
few years. His own preoccupation with experimental investigations on electrical 
waves at the Presidency College soon made it difficult for him to continue his 
work at the Association. 6 
In 1887, another acquisition, albeit again for a brief period, was Asutosh 
}\fookerjee who delivered lectures on Physical Optics, Mathematical Physics and 
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Pure Mathematics. His lectures were of exceptionally high standard. Father 
Lafont, in his course on light, occasionally used to deal with the experimental 
aspects of interference, diffraction and polarization of light. Asutosh Mookerjee 
dealt with the subject from the theoretical point of view, introducing the elastic 
solid and the electromagnetic theory of light. On the basis of elastic vibrations 
of a luminiferous medium the mathematics of which he used to present in detail, 
he explained interference, diffraction and polarization of light, the laws of 
Fresnel and Arago, double refraction of biaxial crystal, Green and Fresnel's 
dynamical theory of reflection etc. For this purpose he used Fresnel's memoir on 
double refraction as explained by Senarmont. Other topics on Physical Optics 
included MacCullagh's theory of metallic reflection, theories of rotatory polari-
zation due to Fresnel, Airy and MacCullagh, Stokes' dynamical theory of diffrac-
tion and Rayleigh's theory of the colour of the sky. In his lectures on the electro-
magnetic theory of light, he covered the theory of electric oscillations and of the 
Hertzian vibrator for detecting them, Maxwell's dynamical theory of the elec-
tromagnetic field, with applications to the propagation of plane luminous waves, 
their reflection and refraction7• Thus, his topics represented some of the most 
advanced and prestigious areas of Physics in the last half of the nineteenth 
century. 
Many of the topics discussed under Physical Optics come under the purview 
of Mathematical Physics. Nevertheless Asutosh Mookerjee introduced a new 
course of lectures under the title of Mathematical Physics to deal with Hydro-
kinetics and the Theory of Potential. In Hydrokinetics, the subjects treated were: 
Green's theorem and its applications, equations of motion, equation of conti-
nuity; vortex motion, Clebsch's transformation, current functions of Stokes and 
Earnshaw, Weber's transformation, Cauchy's integrals of Lagrange's equations, 
Thomson's theorem, flow and circulation, Stokes' Theorem, conjugate functions, 
unipolar stream lines, Helmholtz's Theorems, energy and potential of vortices, 
waves and wave motion in liquids. In the Theory of Potential, the subjects lec-
tured upon were: general properties of potential, surface integrals, potential of 
;hells and Green's functions8• Asutosh Mookerjee also lectured on definite inte-
grals with special reference to their applications to the theory of conduction of 
heat and diffraction of light, functions of Bessel and Heine, Fourier's theorem 
md its applications in Physics, spherical harmonics, Legendere's co-efficients,-
and theories of elastic solids. 
In Mathematics, Asutosh Mookerjee's course oflectures dealt with analyti-
:al geometry, Boole's Theorems, Boole's theorems on linear transformations, 
general Cartesian equations of lines of the second order in relation to their foci, 
asymptotes and eccentricity, theorems on central conics, non-central conics, 
confocal conics and plane elliptic coordinates; theory of analytic functions, 
integration of algebraic functions, hyperbolic functions, Abel's theorem, 
Dirichlet's theorem, gamma functions etc. 9 
Asutosh Mookerjee taught at the Association up to 1890. After him Mahendra · 
2 
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N ath Roy delivered some lectures on Pure Mathematics, and Syamadas 
Mukerji on Geometrical and Physical Optics and Mathematical Physics. 
Astronomy 
Astronomy had a very brief existence at the Association. Father Lafont's 
spectra-telescopic observatory at the St. Xavier's College was expected to arouse 
a great deal of interest and enthusiasm for the subject. In 1880, Kumar Kanti 
Ch. Singh Bahadur presented to the Association a valuable Equatorial of 7 
inches aperture made by the reputed German maker M. Merz with a stand 
made by Mr. Browning of England. This gift was intended to provide a nucleus 
for the development of an astronomical observatory. A number of appliances to 
demonstrate astronomical phenomena such as the changes of seasons, the eclipses, 
the progression and retrogression of planets, time-telling by a universal sun-dial, 
terrestrial and celestial globes according to Ptolemaic and Copernican systems, 
were purchased. 
Lectures on astronomy were started in the year 1880 by Rev. Father A. de 
Peneranda, Superintendent of the observatory at the St. Xavier's College. He 
lectured on earth in space and time, planetary system, Kepler's laws, Newton's 
principle, Planetjupiter, its coming perihelion, apposition and other particulars. 
Father Peneranda could not continue his lectures, and in 1881, the last year for 
astronomical teaching at the Association, Father Lafont continued the work, 
lecturing on earth's motion round the sun, Galileo's condemnation, comets, solar 
eclipses, spectroscopic observations and physical constitution of the sun and 
sun spots. 
Chemistry 
Dr. Kanai Lal Dey, a medical graduate of the Calcutta Medical College to 
whom fell the first choice of starting the Department of Chemistry at the Associa-
tion, had made a special study of chemistry and taught it first to the students of 
the Campbell Medical College and afterwards in the Calcutta Medical College 
where he also carried on the duties of the Chemical Examiner to the Government 
for some time. But eventually he could not take up the classes, and Tara Prasanna 
Roy who later on became the Assistant Chemical Examiner was pursuaded to 
start the classes in 1878. He carried on this work with great devotion till 1885, 
delivering on an average 25 lectures (in some years over 40 lectures), besides 
taking practical classes. In 1885, Ram Chandra Dutt took over from him the 
responsibility of conducting the practical classes and Dr. Rajani Kanta Sen · 
agreed to deliver the theoretical lectures. Rajani Kanta continued till 1887, and 
thereafter we find Ram Chandra Dutt taking both theoretical and practical 
classes till he died in 1898. From 1899, Dr. Chuni Lal Bose volunteered to assume 
the responsibilities of this Department and discharged them with great ability 
for many years. He also started a new class for commercial chemical analysis. 
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Tara Prasanna Roy mainly dealt with elementary inorganic chemistry,-
chemical force and chemical constitution of matter, non-metals and metals, and 
some industrial processes for the manufacture of glass, porcelain and pottery, 
soaps etc. In the practical class, he taught how to assemble apparatus for the 
preparation and test of oxygen, hydrogen, nitrogen, nitric acid, chlorine, ammo-
nia, hydrochloric acid, iodine, carbonic oxide, Marsh gas, sulphuric acid and 
hydrogen sulphide. Tests for various metallic salts were also regularly demons-
trated and taught. Ram Chandra Dutt followed a more or less similar pro-
gramme, but introduced lectures on organic chemistry such as the parafine 
series, methyl hydride, ethane and its homologues, alcohols, fermentation, deri-
vatives of the monoatomic alcohols metallic compounds for the alcohol radicals, 
aldehydes and ketones, organic acids and their derivatives, carbohydrates, 
glucosides and alkaloids. 
Dr. Chuni Lal Bose who started his classes from 1899 was a very able lec-
turer. He laid greater stress on physical chemistry, history of important chemical 
discoveries and on industrial chemistry. By a letter dated March 12, 1900, he 
submitted a scheme for the opening of a class for commercial analysis with the 
idea of producing trained chemical analysts who could be gainfully employed in 
the paper mills, by the iron manufacturers, the soap manufacturers, numerous 
pharmaceutical establishments, wholesale manufacturers of chemicals and the 
Customs Houses in Calcutta, Bombay and Madras. The course in practical 
chemistry for the B.A. and M.A. examinations of the Calcutta University were 
then of a general kind, being chiefly confined to the detection and separation of 
the more common bases and acids and the principles of quantitative analyses. 
No institution including the University and the Medical Colleges provided for a 
practical course on commercial analysis, and Dr. Bose submitted that the already 
well-equipped chemical laboratory of the Association, with a small additional 
outlay, could render this service. 
His scheme proposed to provide training for special analyses of water, milk, 
butter, ghee, flour, sugar, meat and other foodstuffs, vegetable and mineral oils, 
liquors and drugs, indigo and other dye stuffs, and substances used in various 
arts and manufactures. The proposal was readily accepted, and the commercial 
class was opened during the session 1902-1903. The results of analyses performed 
at the analytical laboratory were published for several years in the annual reports 
of the Association beginning from the year 1906. Samples analyzed included, 
among others, manganese ore, flour, tea, coffee, mustard oil, milk, ghee, cocoanut 
oil, olive oil, sugar, pepper, different varieties of rice, pulses, tap water, and a 
patent medicine for syphilis. These samples were usually procured from the 
Bazar. 
Geology 
We would recall that the original scheme as prepared by Dr. Sircar laid 
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considerable emphasis on Geology. In 1887, an opportunity presented itself when 
Pramatha Nath Bose who, in later years distinguished himself by discovering the 
Gorumahisani iron deposits and paving the way for the development of Tata 
Iron and Steel Works, offered to teach geology at the Association. In that year, 
he delivered a course of six lectures on the scope of geology; rocks and their classi-
fication; igneous rocks, their origin and classification; denudation, deposition, 
stratification; movement of the Earth's crust, geological epochs and the physical 
condition of the Earth. That was the beginning and the end of a subject whose 
importance in our educational curriculum was not realized until many years 
later. 
Life Sciences-Physiological Chemistry, Biology and Botany 
The year 1894 is important inasmuch as it witnessed the opening of life 
science as subjects of instruction at the Association. Dr. Nilratan Sarkar who had 
already set up an extensive practice as a physician agreed to give gratuitous 
lectures on Physiological Chemistry. He held classes for about two years, lecturing 
on the proteids, their reactions and classification, the chemistry of the several 
proteids, and the alkali albumins, globulins and peptones.l(} 
The same year Banwari Lal Chaudhuri, a graduate of the Edinburgh Uni-
versity where he specialized in Biological Science offered his honorary services to 
take charge of the Biology Section and deliver courses of lectures to the students 
of the Association. On November 27, 1894, Dr. Sircar opened the Biology course, 
with an admirable historical introduction, and a discussion of its importance, 
various divisions and relations to other sciences. Banwari Lal lectured upon 
the nature and origin oflife, comparison and contrast between plant and animal 
life, modern conception of protoplasm and cell, elements of animal structure, 
tissues and organs, histology with special reference to blood, and the frog. In 
later years, he expanded the subject to cover chemical physiology, embryology, 
study of cell and cell division, general classification of animals. B. L. Chaudhuri's 
emphasis was on Zoology. A more comprehensive course on Botanywasstarted 
by Giris Chandra Bose from 1897, covering vegetable cells, tissues, structure of 
stems, roots and leaves, chemistry of plants, chemical processes within the plant, 
movement of water and gases within the plant, morphology of roots, stems, 
leaves, flowers and inflorescence. Under the able guidance of these two distin-
guished teachers, Biology and Botany classes continued and remained popular 
for several years. 
The foregoing teaching activities of the Association had varied fortunes. At 
first the attendance was poor, limited to a dozen or two people. The popularity 
of the lectures increased gradually, and by 1887 the attendance had increased to 
over three hundred people. With the introduction of 'B' course in the University 
curriculum, making provisions for science subjects, students from other colleges 
found it profitable to attend lectures at the Association. Prafulla Chandrn Ray, 
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a student of the Presidency College attended these lectures during 1880-8111. 
Students of the Calcutta Medical College and lady students of the La Martiniere 
Institution and the Doveton College regularly attended these lectures and some-
times participated in the practical demonstration classes. From 1891 or so, the 
attendance started falling due largely to the organization of science departments 
in the colleges of Calcutta. Instead of feeling discourgaged, Dr. Sircar regarded 
it as a good sign, for now, he thought, it would be possible to concentrate more 
and more on discourses of a graver character giving the results of recent dis-
covenes. 
Although the students from various Calcutta Colleges found these lectures 
useful and profitable in connection with the science subjects they opted for the 
university examinations, these were not merely meant to serve the purpose of 
college courses. In keeping with the original scheme, these lectures were really 
intended to disseminate to the intelligentsia as well as to the general public the 
recent discoveries in the physical sciences and to create an interest in them. At 
the annual meeting held on May 13, 1881, Father Lafont, noticing that the Asso-
ciation was often regarded merely as an educational institution, explained the 
purpose of these lectures in very clear terms as follows: 
". . . . . The Association was not merely an educational institution . 
• . . Lectures which were delivered in this room did as a matter off act 
help students, properly so called, to go properly through their course of 
studies and examinations, yet this was not the only object of this institu-
tion. Their object was to make the conquests, the acquisitions of modern 
science known generally, to place them within the reach of the masses, 
whether these be students who had an interest in prosecuting their 
studies, or whether they be intelligent Indian gentlemen.. . . No, it 
was not a school, it was a scientific institution in which modern dis-
coveries in science were promulgated. The Association tried to keep up 
with the discoveries of the age, not to let you lag behind the students in 
Europe in that respect, and the aim of the Association was to give you 
the benefit of all the most recent discoveries of the 19th century . . . " 
If the lecture topics and some incoherent details preserved in the annual 
reports indicate this object and the spirit to which Father Lafont gave such a 
clear exposition, the books and journals acquired during this period and used for 
class room lectures provide a more eloquent proof. Great care was exercised in 
selecting books so that the works of noted scientists were adequately represented 
in the library shelves. Some of the books on Physics, thus procured, include 
Michael Faraday's Experimental Researches in Electricity (1839, 1844, 1855); de la 
Rive's Treatise on Electricity (1853, 1856, 1858) ;John Tyndall's Heat as a Mode of 
Motion (1863), On Diamagnetism and Magne-crystalline Action (1870), Molecular 
Physics (1872), Six Lectures on Light (1875), Sound (1875) and Notes on Electricity 
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(1876); E. Aitkinson's Ganot's Physics (1875); Lord Kelvin's (Sir William Thom-
son's) Papers on Electrostatics and Magnetism (1872); Lord Rayleigh's The Theory 
of Sound (1877); J. Norman Lockyer's Studies in Spectral Analysis (1878); George 
Prescott's Electricity and the Electric Telegraph (1877); J. Clerk Maxwell's The 
Electrical Researches of the Honourable Henry Cavendish ( 1879), A Treatise on Electricity 
and Magnetism vols 1 & 2 (1873, 1881), Matter and Motion (1894); Alexander 
Ellis' translation of Sensations of Tone by Helmholtz (1875, 1885); R. Clausius' 
The Mechanical Theory of Heat (1879); G. G. Stokes' On the benejicient Effects of 
Light ( 1887) ; J. A. Fleming's The Alternate Current Transformer ( 1890) ; J. Oliver 
Lodge's Modern Views of Electricity (1889); and J. A. Ewing's Magnetic Induction 
in Iron and other Metals (1894). There were several others. 
Newton's Optics (1730) was among these precious collections. There were 
also books on natural philosophy, e.g., Hutton's Recreations in Science and Natural 
Philosophy (1844), Atkinson's Natural Philosophy (1884), Stanley Jevons' The 
Principles of Science (1879) and Alexander von Humbolt's Cosmos in several 
volumes ( 1849-1858). 
In Chemistry, some important works which found their way into the Asso-
ciation's library were Leopold Gmelin's Handbook of Chemistry (1848-1852); 
Roscoe's Technical Chemistry (1877); Roscoe and Schollemmer's A Treatise on 
Chemistry (1878-1886); Henry Watt's A Dictionary of Chemistry in 8 vols. (1872-
1881) and Fowne's Manual of Chemistry (1877); Remigius Fresenius' Quantitative 
Chemical Analysis (1876); Lothar Meyer's Modern Theories ofChemistry (1888) and 
Outlines of Theoretical Chemistry (1892); Mendeleef's The Principles of Chemistry, 
2 vols. ( 1897) ; John Millar Thomson and Arthur Bloxman's Chemistry Inorganic 
and Organic (1895), Bernthsen's A Text Book of Organic Chemistry (1895) and 
Alfred Allen's Commercial Organic Analysis (1898). 
In Biology, Natural History and Geology, mention may be made of Robert 
Todd's The Cyclopaedia of Anatomy and Physiology, 5 vols. (1835-1859); Memoirs 
of the Geological Survey of India from 1859; J. D. Hooker's Flora of British India, 
7 vols. (1875-1897); Charles Darwin's The Effects of Cross and Self Fertilization 
(1878) and The Descent of Man (1882); Alphonse de Candolle's Origin of Culti-
vated Plants (1884); Julius Sachs' Text Book of Botany (1882) and Lectures on 
Physiology of Plants (1887); Asa Gray's Structural Botany (1887); and Richard 
Lydekker's The Royal Natural History, 6 vols. ( 1893-1896). 
The Library's periodical literature was represented by the Memoirs (later 
Memoirs and Proceedings) of Literary and Philosophical Society of Manchester (from 
1798-1802), the Philosophical Transactions of the Royal Society (from its publication 
in the 17th century in reprint edition), Edinburgh Journal of Science (from 1829), 
Philosophical Magazine (from 1833), American Journal of Science (from 1846), The 
Chemical News (from 1868), Nature (from 1869), Journal of the Chemical Society of 
London (from 1871), The Electric Review (from 1882), Journal of the College of 
Science, Japan (from 1887), Physical Review (from 1893), Astrophysical Journal 
(from 1895) and The Electrician (from 1896). 
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This literature represented fairly adequately the advancement of science 
that had already taken place and was taking place in the nineteenth century. 
But the hopes were not fulfilled. Despite the exhortations of Dr. Sircar, Rajendra 
Lal Mitra and Father Lafont at the annual meetings, this treasury did not create 
enthusiasm for original research. The lectures were attended with a view to 
improving the students' prospects of passing the University examinations. In 
1893, the Association felt it justified to be affiliated to the Calcutta University 
in Physics and Chemistry up to First Examination in Arts. In 1899, this affilia-
tion was secured for B.Sc. degree and 'B' course of the B.A. degree. From 1895, 
a small number of students from Private Colleges started working, with the per-
mission of the Association, in the laboratories to prepare themselves for the M.A. 
degree of the Calcutta University.* 
Scholarships, Prizes and Medals, and Endowed Professorships 
A number of scholarships, prizes and medals were instituted by the Associa-
tion and by members to encourage the students to take a lively interest in, and 
profit by, the lectures of the Association. The Committee of Management on 
February 2, 1878 instituted five scholarships ofRs. 12/- or Rs. 10/- each for such 
students as passed satisfactorily the annual examination. Jay Kissen Mookerjee 
had previously offered a number of prizes to successful candidates at such exami-
nation. Likewise, Dr. Jagabandhu Bose offered a gold medal for general profi-
ciency and Dr. Kanailal Dey a silver medal for proficiency in Physics. The first 
annual examination was held on January 25, 1879 in Chemistry and Physics. 
The examination in Chemistry was conducted by Kanai Lal Dey and Tara 
Prasanna Roy and that in Physics by Mr. C. Declippelier and Dr. Mahendra 
Lal Sircar. The first recipients of the scholarships were Charu Chandra Sirokara, 
Amulya Charan Mitra, Kissory Mohun Sen Gupta, Bhavodev Chatterjee and 
Amrita Lal Sircar. Joy Kissen Prizes were offered to Charu Chandra Sirokara 
(Rs. 100/-), Amulya Charan Mitra (Rs. 60/-) and Kissory Mohun Sen Gupta 
(Rs. 40/-). Charu Chandra Sirokara got the medal for Physics and Kissory 
Mohun Sen Gupta that for Chemistry. 
In 1892, the Hon'ble Justice Guroo Dass Banerjee donated a sum of 
Rs. 500/- for the Jatindra Chandra Prize in memory of his beloved son who 
passed away untimely. The first recipient of this prize was Hriday Ranjan Sen 
Gupta. About this time, Sarat Kumar Ghosal, a lawyer and the Chaitanya 
Library of Calcutta awarded two medals, the first recipients of these medals 
being Sarat Chandra Mukhopadhyaya and Sardar Bichitra Singh ofLudhiana. 
Babu Jadu Nath Mukherjee offered to present a good Ross's microscope to a 
student for proficiency in Biology. A similar microscope prize was instituted by 
*In 1895, Rajani Bhusan Chatterjee, Hari Gopal Banerjea, Satyendra Nath Ray, Ganga-
dhar Mukherjea and Nalini Nath Ray, all of whom worked at the Association's laboratory, 
successfully passed the M.A. examination. (Report of the 19th Annual Meeting, p. II). 
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Dr. Nilratan Sarkar for presentation to the student obtaining the highest marks 
at the Biology examination. In 1899, the Woodburn medal was created for 
award every second or third year to an Indian research worker for original re-
search in any branch of Physical Science. Not much is known about the later 
career of these promising young men except Amritalal Sircar, the Founder's son 
who, like his father, chose a medical profession and became the honorary Secre-
tary ard. lecturer at the A~sociation after Dr. Sircar's death. 
The original scheme had provided for the appointment of whole-time 
teachers and research workers for carrying out research. With the passage of 
years it became abundantly clear that the Association had no future as a centre 
of advanced science and research unless such whole-time workers could be pro-
vided for. On 12.3.1884, the day of inauguration of the Lecture Theatre, an 
endowment fund for the Ripon Professorship was opened with high hopes that 
the Viceroy's name would readily attract sufficient funds. By the end of 1884, a 
sum of Rs. 17,050/- was subscribed to,* but thereafter the fund made little pro-
gress. At the annual meeting on April30, 1888, Dr. Sircar returned to the subject 
and appealed to the members, saying, 'though for a beginning much has been 
done, indeed all that could be done with means at command has been done, for 
the permanency of the Institution nothing has been done'. He estimated that 
each Professorship would require about a lakh and half rupees for investment, 
'out of the interest of which our collection of books and instruments must be 
added to from time to time, in order to enable our professors to keep pace with 
the progress of science'. 
But his appeals went in vain. The Association was far from attracting subs-
criptions anywhere near a lakh and half rupees with which to found a professor-
ship. In 1890, the Maharaja of Gooch Behar started contributing a sum of 
Rs. 100/- per month in aid of the establishment of a permanent Professorship. 
The Committee of Management at its meeting held on May 30, 1890 decided 
that the Professorship should be in Chemistry, designated after the name of the 
donor. It was, however, obvious that no suitable person would be found for whole-
time research work for a monthly remuneration of Rs. 100/-. The Committee 
decided that Tara Prasanna Roy and Ram Chandra Dutt who had gratuitously 
lectured on Chemistry for years be remunerated for thier services out of the 
Maharaja's subscription and be called Gooch Behar Lecturers, till a competent 
person was found. Services of Tara Prasanna Roy could not be obtained owing 
to his indifferent health and arduous duties at the Medical College. Ram 
Chandra Dutt was offered Rs. 400/- for his course of lectures on Inorganic and 
Organic Chemistry. 
In 1898-99 and again in 190 I, Dr. Sircar attempted to raise subscriptions in 
• First subscribers to the Ripon Professorship Fund: Lord Ripon-Rs. 1,000/-; Maharaja 
of Darbhanga-Rs. 10,000/-; First Prince of lndore-Rs. 1,000/-; Kumar Baikunt Nath Dey 
and his fatber-Rs. 1,000/-; Rakhal Das Haldar-Rs. 50/-; the Nizam ofHydrabad Rs. 3,000/-
and Nawab Sa1arjung-Rs. 1,000/-. 
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aid of Hare Professorship and Victoria Professorship, but these efforts were no 
more successful than those for the Ripon and Cooch Behar Professorships. Shortly 
before this time, Mr. J. N. Tata of Bombay had come forward with his promise 
of a munificent donation for the establishment of an institute of scientific research 
in Bombay. The scheme proposed an initial outlay of over thirteen lakhs of 
rupees and an annual expenditure of three lakhs, which meant a total invested 
capital of over a crore of rupees. Furthermore, the Bombay scheme contemplated 
the appointment of foreign professors at fancied salaries, and subjects proposed 
were more philosophical and educational than scientific. At the twentysecond 
annual meeting held onApril27, 1899, Dr. Sircar drew up a comparison between 
the two schemes and showed how with the aid of purely native genius and meagre 
resources his Science Association endeavoured to achieve the same objective as 
Mr. Tata was then resolved to do. 'Any one who has watched the history of the 
Science Association', he said, 'could not have failed to notice that its projectors 
had as grand if not a grander ideal. If they are working with a humbler scheme 
it is because they could not command the necessary funds. They had to feel their 
way timidly and cautiously in order to make a beginning at a time when the 
name of science was scarcely heard of in this country, and when even the very 
rudiments of it were not taught in any educational institution except the Presi-
dency College, where there were a few scientific instruments not for use but for 
misuse and disuse. It is not too much to say that it was mainly through the in-
fluence of the founders of the Science Association that examinations in scientific 
subjects were gradually introduced for the conferring of University degrees'.12 
Almost at every annual meeting of the Association, Dr. Sircar advocated the 
importance of cultivation of science by original research, appealed to his country-
men for funds with which to endow whole-time professors, and occasionally 
expressed his bitter disappointment to the general apathy shown towards science. 
At the twentyfifth annual meeting held on September 4, 1902, the last one 
attended by him, he observed: 
"I do not know how to account for this apathy of our people towards the 
cultivation of science. And therefore I am forced to confess that I made 
a mistake in starting the project of founding a Science Association at all, 
and that I have wasted a life, as I have told you, in attempting to make 
it a national institution. If I had vigorously applied myself to the prac-
tice of my profession, though homeopathic, I am sure I could have left 
as a legacy an amount of money equal to that I have succeeded in collect-
ing in over thirty years. " 13 
We now know that the founding of the Science Association was neither a 
mistake, nor were the life-long efforts of the Founder in this regard wasted. In the 
early years of the present century, the Association developed into the very cradle 
of scientific research in India, fulfilling the great dreams of Dr. Sircar. In time 
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whole-time Professors and research workers of various categories were established 
as he would have liked to see while he lived. Time has proved the value of his 
foresight, the courage of his conviction and his unshakable faith in the talent of 
his countrymen in scientific pursuits. Already Prof. J agadish Chandra Bose who 
helped Dr. Sircar's cause by taking classes at the Association made his mark as 
an original research worker through his work on polarization of electric rays by 
double refracting crystals14• The following year appeared Prof. P. C. Ray's work 
on mercurous nitrite15 and Jyotibhusan Bhaduri's researches on the transforma-
tion ofhypochlorites to chlorates16, being the Elliot Prize Essay for 1895. 
These investigations were, however, carried out in the laboratories of the 
Presidency College, Calcutta. From the Association's laboratories, the first report 
of original scientific investigation was by Dr. Sarasi Lal Sarkar, M.A., L.M.S., 
Assistant Chemical Examiner to the Government of Bengal. His work was on 
the properties of crystalline copper ferrocyanides, for which he was awarded the 
Elliot Prize. He also investigated the colouring matter contained in the Ruttee 
seeds (Abrus Precatorius). From 1906, the Association undertook meteorological 
observations regarding barometric pressures, wind direction and velocity, maxi-
mum and minimum temperatures, humidity, mean cloud and rainfall in the past 
24 hours and started publishing them regularly in the annual reports. 
It would be fitting and appropriate to conclude the early phase of the 
Association's history with the following excerpt from the letter written by Dr. 
Sircar expressing his last wish to the chairman and his colleagues at the Associa-
tion and read at its annual meeting on November 26, 1903 he could not attend on 
account of his ill healthY 
"I have very little to tell you about our Association, and that little, I am 
afraid, is likely to be my last ... I have only now to reiterate my con-
viction that if our country is to advance at all and take rank and share 
her responsibilities with the civilized nations of the world, it can only 
be by means of Science or positive knowledge of God's works. To this end 
I have given the best portion of my life, but I am sorry to leave this world 
with the impression, that my labours have not met with the success which 
the end aimed at deserves. However, I do not despair of our future. My 
faith in an over-ruling Providence has not abated an iota on account of 
my own ill success. . . . Younger men should come and step in to take 
my place and work with more energy than I have been able to put 
forth ... " 
"To you, my dear colleagues, from whom I have received the heartiest 
sympathy and support, and to all our educated young men who have 
not yet come forward as they should have, I leave this Science Associa-
tion of ours as a legacy which, calculated to regenerate our country, you 
will, I dare say, try your best to improve and develop to its utmost 
capacity ... " 
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Dr. Mahendra Lal Sircar died on February 23, 1904. His son Dr. Amrita 
Lal Sircar was elected the next Honorary Secretary, and it was during his time 
that the Association turned a new leaf in its history when in 1907 young Chandra 
Sekhar Venkata Raman started his work in its laboratories. 
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CHAPTER TWO 
THE PERIOD OF PROFESSOR C. V. RAMAN: 1907-1933 
Historical Survey 
IN 1907 Chandrasekhar Venkata Raman came to Calcutta as an officer in the 
Finance Department, Govt. oflndia, at the Accountant General's Office. Though 
P. C. Ray and J. C. Bose were conducting original researches at that time 
in individual capacity there was very little scope of doing research in India 
in an organised manner. The University College of Science was established after 
seven years. In August 1907 Raman enrolled himself as a member of the Indian 
Association for the Cultivation of Science and obtained permission for carrying 
out researches at its laboratory in his spare time. Within a short time he was able 
to communicate a large number of research papers in many journals of inter-· 
national repute. A new era of scientific research activity dawned and workers from 
the rest of the country began assembling at the Association. By 1917 a Calcutta 
School of Physics had already taken firm root and with the passage of time it 
came into its own, whereby the ambition of the great founder Dr. Mahendra 
Lal Sircar was amply fulfilled. The years between 1907 and 1933 saw a continued 
and vigorous growth of scientific research under the leadership of Raman and 
may justifiably be called The Ramau Period. The research activities of Raman 
and his co-workers have been dealt with in a separate section, but before 
describing that it would be appropriate to recount other developments of the 
Association during the same period. 
I. General Activities of the Association 
The general activities of the Association in the field of teaching of physics, 
chemistry and botany which started at the beginning of the century conti-
nued. The classes of commercial chemical analysis drew a large number of 
students and a monthly report on the meteorological observations was being 
published in "The Empire", "The Bengal" and "The Indian Mirror". Various 
medals and prizes continued to be awarded to the students on the basis of profi-
ciency at annual examination, conducted by the lecturers of the Association. In 
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the latter years, however, with growing enthusiasm for creative research the 
teaching activities became gradually less important. 
With the increase in research activities there was need of scientific instru-
ments, journals and workshop facilities. The financial position of the Asso-
ciation at that time was far from satisfactory. Donations from time to time were 
obtained for organizing the laboratories of the Association. In 1917, Rai Bahadur 
Dr. Durga Dass Bose made a gift of Rs. 5,000/- and two years later a special 
donation of the same amount was also received from an anonymous donor. In 
1921, Rai Bahadur Onkarmal Jatia made a gift of Rs. 2,000/- for laboratory 
equipment and Mr. M . S. I. Chari donated Rs. 3,000/- for workshop. 
Dr. Rasik Lal Dutta organized the library and framed rules for its use in 1917. 
In the years 1925 and 1926, Govt. of India sanctioned a non-recurring grant 
of Rs. 10,000/- towards renovation of the laboratories. With this amount 
arrangements were made for separate rooms for studies on X-ray, light scatter-
ing, magnetism, sound, chemistry and for the library, and the reading room. 
In 1927 Govt. of India increased the annual grant to Rs. 20,000/- for a period 
of five years. Mter a couple of years, a liberal donation of rupees one lakh 
by Rai Bahadur Veharilal Mitra helped the Association to create an endow-
ment professorship in the name of its founder. 
SciENTIFIC MEETINGS AND SciENCE CoNVENTION 
In the early stages, occasionally, some scientific papers could be discussed in 
the annual general meetings in addition to the usual business transaction of the 
Association. With the increase of research activities, arrangements were made for 
holding regular scientific meetings for the reading and discussion of scientific 
papers. The scientific meetings in 1914 had three different sections, namely the 
Physico-mathematical Section, the Chemical Section and the Biological Section 
with Dr. Ganesh Prasad, Sir P. C. Ray and Dr. Banwarilal Chowdhury respec-
tively in chair. Three regular scientific meetings were held in 1916 and a section 
of Geology was introduced. The papers presented at this meeting were printed 
under sectional headings in the Annual Reports of the Association for the correspond-
ing years. The scientific meetings soon developed into an Annual Science Con-
vention, the first of which was held in November, 191 7, with an opening address 
by Sir Asutosh Mookerjee. Nine papers on physics, four on chemistry and seven 
on biological sciences were presented in this convention. Raman, who was the 
president of the Physico-mathematical Section surveyed the progress of physics 
in Calcutta during the period 1907-1917 and observed, "a real school of Physics 
has grown up in Calcutta the like of which does not exist in any other Indian 
University and which even now will not compare very unfavourably with those 
existing in European and American Universities". Besides, he gave a list of twenty-
five original papers contributed by the growing school of physics in Calcutta, 
which included among others, brilliant workers likeS. K. Banerjee, S. K. Mitra 
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and M. N. Saha. At this time, "The Calcutta Physical Society" was established 
with its head quarters at the University of Calcutta. The Science Convention of 
1920-21 covered aspects of physiology, geography, botany and mineralogy in 
addition to those already included in the previous conventions. The papers 
presented in these conventions were printed in the Annual Reports of the Asso-
ciation as Proceedings of Science Conventions under a separate section entitled 
Transactions. 
SCIENTIFIC PUBLICATIONS FROM INDIAN AsSOCIATION FOR THE CULTIVATION OF 
SCIENCE 
The Association since its very inception had been publishing its annual re-
ports regularly. Some of these reports contained summaries of the research acti-
vities conducted in its laboratories. But as the research activities grew, it was 
necessary to find space for the publication of the results of these investigations. 
Though Raman's research work was already appearing in reputed foreign 
journals, like Nature and Philosophical Magazine, the Association authorities 
started publication of the Bulletin of the Association from 1909. Earlier, these 
Bulletins contained reprints of Raman's original work already published, but 
soon it became by itself an important vehicle of original research papers and 
attracted also contributions from abroad. These Bulletins and other publica-
tions were appreciated by the foreign societies, some of them were in great 
demand from foreign countries and had to be subsequently reprinted. In 1915, 
to provide for the publication of papers read at the scientific meetings, it was 
decided to make arrangements for the printing of the Proceedings of the Indian 
Association for the Cultivation of Science, the first volume of which appeared in 1917. 
By 1926, the research activities greatly expanded and consequently it was 
imparative to make arrangements for regular and prompt publication of re-
search results within the country. As a result, The Indian Journal of Physics 
made its appearance in the same year with which was incorporated the Pro-
ceedings of the Association. It may be of interest to note that between 1928 
and 1933 more than sixty papers, dealing with Raman's discovery of the modi .. 
fied radiation in light scattered by various substances, subsequently known 
as 'Raman Effect', were published in this journal. 
2. Prof. C. V. Raman in the Association and the University College 
of Science 
While these developments were going on in the Association, Sir Asutosh 
Mookerjee, Vice Chancellor of Calcutta University, organised post-graduate 
departments for teaching and research in Arts and Sciences in the University 
of Calcutta. In 1913, Raman was offered Palit Professorship of Calcutta U ni-
versity and he joined the University in july, 1917. Since research facilities were 
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not available there, Raman was allowed to continue his work at the Association's 
laboratories. In 1919, Dr. Amrita Lal Sircar, the Honorary Secretary of the 
Association, passed away and Raman was immediately elected the Honorary 
Secretary, which position he held during the entire period of his stay in 
Calcutta. 
Thus the laboratories of the Association and the University College of 
Science came under the direction of Raman and those who worked with 
him had the facilities of both these laboratories. 
In July 1921, Raman went to Europe as a delegate of Calcutta and Banaras 
Universities to the University Congress held at Oxford, England. During his 
voyage the 'mystery of the blue colour of the sea' drew his attention and soon 
after his return he undertook a comprehensive programme of research on the 
molecular scattering of light by solid, liquid and gaseous media. In execution {of these programmes, many young and gifted workers from all parts of India 
; collaborated with him and this laid the foundation of the great discovery a 
I 
few years later. Raman was elected as a Fellow of the Royal Society, London 
in 1924 in recognition of his outstanding researches in Physical Optics, Mole-
cular diffraction of light, X-ray scattering by liquids and on Molecular aniso-
tropy. In June 1924, he was invited to Canada to inaugurate the discussion on 
"The scattering of light" and visited a number of laboratories in Canada and 
U.S.A. Again in September 1925, he went to Russia as a representative of Cal-
cutta University at the Bicentenary Celebrations of Russian Academy of 
Sciences. In Moscow, he delivered a lecture on "the structure of benzene" at 
the Congress of Chemistry. 
THE DISCOVERY OF 'RAMAN EFFECT' 
The work on the molecular scattering of light by Raman and his school of 
workers at Calcutta, led to the discovery of a new light effect. The discovery of 
the new radiation was published in an issue of Indian Journal of Physics. Fol-
lowing the publication of the discovery, further investigations were taken up 
in the laboratories of the Association by Raman and his associates, which 
included names of K. S. Krishnan, S. Bhagavantam, L. A. Ramdas, S. Ven-
kateswaran, A. S. Ganesan, S. C. Sirkar, S. Parthasarathi and others. The new 
light effect was subsequently called "The Raman Effect" and this terminology 
was later universally accepted. The discovery of this effect brought honours to 
Raman from many quarters and firmly established the name of India in the 
scientific map of the world. In June 1929 Raman was knighted by the 
British Government. In the same year he was invited to England to open a 
discussion on "MolecularStructureandMolecular Spectra" arranged by Faraday 
Society. In 1930, he was awarded the Nobel Prize in Physics for the year for · 
this great discovery and he went to Stockholm the same year to receive the 
Nobel Prize. 
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RESEARCH ACTIVITIES IN CHEMISTRY AT THE AsSOCIATION 
Though the scientific activities during the period were concentrated mainly 
on Physics, some original works in Chemistry were also conducted. Two research 
scholars Manindra Nath Banerjee and Jagadindra Nath Lahiri carried out 
interesting investigations in Chemistry under Prof. Rasik Lal Dutta, during 
1914-1917. A paper on "The phenomenon of chemical induction" by Banerjee 
was read in the scientific meeting of the Association in 1914 and two papers 
entitled "Iodination of mercury by means of nitrogen iodide or by means of 
iodine solution in the presence of ammonia" and "Replacement of iodine 
atoms by nitro-groups in phenolic bodies" by Dutta and Lahiri were presented 
at the science convention of 1917. These papers appeared in the Annual Report 
of the Association for the corresponding years. ' 
Research activities in Physics during the period 1907 to 1933 
The entire period of Raman's stay at Calcutta may be broadly divided 
into two phases. In the first phase from 1907-1917, work was done solely 
in the laboratory of the Association and the second phase from 1918-1933 
corresponds to the period when the scientific researches were carried out jointly 
in the Association and in the laboratories of the University College of Science. 
During the first phase, he conducted researches mainly on ( 1) sound and vibra-
tions, (2) theory of musical instruments, (3) viscosity, ( 4) colloid studies and 
(5) wave optics. In these efforts he was assisted by A. Dey of the Association, 
who later collaborated with Raman in some of his investigations on sound and 
vibrations. S. K. Banerjee made intensive theoretical investigations on aerial 
waves generated by impact and experimental studies with ballistic phonometer. 
S. Appaswaiyar carried out investigations in accoustics. In the second phase, 
after Raman joined the University College of Science, as Palit Professor of 
Physics, he was provided with the combined resources of the Palit laboratory 
and the laboratories of the Association. Lecturers from the newly created 
Physics Department, S. K. Mitra, P. N. Ghosh, B. B. Roy, B. N. Chuckerbutty 
and D. Banerjee worked with Raman along with scholars of the Associa-
tion namely N. M. Basu, T. K. Chinmayanandan, K. S. Rao, P. Das and 
others on problems of diffraction, interference and other allied phenomena 
in physical optics. Workers from different institutions outside Calcutta came 
to the Association to join the school of Raman. Among them, mention may 
be made of C. Prasad, N. K. Sethi, K. R. Ramanathan, L. Srivastava and 
V. S. Tamma. The number of research workers increased further, as Raman 
introduced new lines of investigation on molecular scattering, X-ray diffraction, 
electro and magneto-optics. During these two phases, Raman and his scholars 
initiated and undertook researches in as many as fourteen different branches 
of physics and published a large number of research papers in different. scien-
3 
34 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
tific journals abroad and in India. A list of all papers published by Raman 
and his collaborators has been incorporated in Part III of this volume. In the 
following sections some of the significant investigations carried out by Raman 
and his collaborators have been briefly reviewed. 
1. Acoustics 
RAMAN's works in acoustics may be broadly classified in two categories, ( 1) 
vibration and sonnd, and (2) theory of musical instruments. 
(1) VIBRATION AND SouND 
Raman studied different aspects of vibrations in strings and other agencies 
analytically and experimentally. He devised very simple but ingenious methods 
for his experimental observation and correlated the results with elegant theories. 
Raman1 observed that the nodes of a string which maintained p~rmanently 
in oscillation two or more loops could not be points of absolute rest as the energy 
required for maintenance of vibration was transmitted through these points. 
He showed small motions at a node stroboscopically under periodic illumination. 
The phase of small motion at the nodes could be fonnd by componnding the 
oscillations at every point on the string with another of half the frequency 
perpendicular to it and by observing the compound oscillation at nodes and 
elsewhere. He gave2•3 an experimental verification of Stephenson's proposition 
regarding the effect of periodic non-generating force acting on a system. The 
frequency and phase relation of the oscillations were studied by several methods, 
most of which were simple application of the principle of Lissajous figures. It 
had been fonnd that when two or more of the harmonics would appear con-
jointly, they were generally not in one plane of vibration, i.e. one or more would 
appear in a plane which is normal to that of the other. Raman4 studied the be-
haviour of the bridge and the board in stringed instruments. He recognised that 
the bridge is subject to a normal forcing of double the frequency of the oscillation 
of the string and nnder suitable circumstances would be expected to oscillate 
with double the freqency. Different methods for photographing the vibration-
curves of the wire and the sonnding board were discussed. It was shown that 
there was an important difference between the oscillation of the wire in a hori-
zontal and in a vertical plane. The equilibrium position of the wire was not 
quite a straight line but a catenary of small curves. The oscillation of the sound 
board depended upon the second order differences in the length of the 
displaced and equilibrium positions of the wire. When the oscillation of the wire 
was in a vertical plane, the changes in length about the equilibrium position of 
the wire became unsymmetrical and introduced a component of the funda-
mental frequency with the oscillation of the sonnding board which would 
otherwise be of double the frequency. 
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The observation of Ramano on vibration of string passing over a pulley 
furnished a clue for the explanation of the effect which Stokes was unable to 
account for i.e. the increased speed of rotation of the pulley when the overhanging 
vertical portion of the sonometer string was vibrating and the horizontal part 
seemed not to be doing so. When the portion of the string attached to a fork 
and the pulley had no transverse oscillation, the full effect of the oscillation of 
the prong varied the tension of the string periodically; the torque on the pulley 
being greater, the speed of rotation of the latter became very considerable. 
Raman6 photographed some very remarkable class of maintained oscillation and 
worked out physical theories to explain the relation between the frequency of 
the impressed variation of spring and that of the oscillation of the system. It 
was shown by Raman7.8that a simple harmonic force acting longitudinally upon 
a stretched string could maintain its vibrations when the frequency of the free 
oscillation of the string in any given mode was nearly equal to any integral mul-
tiple of half the frequency of the force. In periodic force on an oscillating system 
this condition may lead to resonance as well. The principal mode of vibration 
of a bowed string was discussed analytically from the form of its vibration curves. 
The fact that the velocity at every point on the string at the first and second 
epoch was reversed and a discontinuous fall of the velocity to zero would result 
alternatively at each end, was experimentally confirmed. Raman and Appa-
swamaiyer9 discussed the methods adopted and the results obtained. The theory 
of the experiment described was based on ( 1) the application of Fourier analysis 
and (2) the geometrical approach. It was shown10 that the cases in which the dis-
continuties were of the same sign, had special acoustical interest in bowed string. 
Raman considered a case of vibration maintained by non-uniform periodic field 
offorce11• It was shown that when a wire divided up into two or more segments 
and vibrated under the transverse attraction of an electro-magnet, the motion 
which had the same frequency as the field, might be rendered unstable by the 
non-uniformity of the field and then passed over into one type of vibration, the 
frequency of which was a sub-multiple of the frequency of the field. The photo-
graphic records illustrated the first six cases of this kind. A motion of this type 
might be set up and maintained as well even when the attracted point on the 
wire was a node and the ordinary forced vibration was therefore absent. The 
effect of non-uniformity and the periodic variation of the field on the ordinary 
forced vibration was also considered in detail and the mathematical theory was 
set up. 
He dealt with the theory of excitation of characteristic types of vibration 
of string under various conditi~ns and of their communication to the resonator12 
on which it was attached. The form of the theory of discontinuous wave-motion 
given by Harnack, Davis and others was extended so as to cover cases not con-
sidered by them. The whole subject was considered in the light of dynamical 
theory and an attempt was made to divest it of empiricism as far as practicable. 
Emphasis was laid upon the cases of practical interest in music. The principal 
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features of oscillation of sub-synchronous pendulum were considered13 in the 
light of dynamical theory. The effect of the periodic field due to the electro-
magnet, equivalent to a large increase in the acceleration of gravity over a small 
part of the arc of swing of the pendulum, was taken into account and the 
successive ranges within which the bob should lie for maintenance to be possible 
were determined. With photographic records of the sounds of splashes the 
transition between the "smooth" or "sheath" splash and the "rough" or "basket" 
splash depending on the condition of the surface of the impinging sphere, was 
elucidated by Raman and Dey14• Some acoustical observations were made by 
Raman and Sutherland15 in the whispering gallery in the St. Paul's cathedral 
(London) and also in the laboratory to show that while Rayleigh's theory of 
the phenomenon was undoubtedly on the right line, it did not offer a complete 
explanation of this acoustical phenomenon. It was observed that a succession 
of sound belts of alternately great and small intensity was formed inside the dome. 
(2) MusxcAL INSTRUMENTS 
Raman experimented with various types of musical instruments. He dis-
cussed characteristic features associated with the mode of operation of such 
instruments and put forward dynamical theories in respective cases. His analysis 
led to clear understanding and appreciation of the distinctive dynamical as 
distinguished from the purely geometrical features of the problem of vibrations 
of stringed, and other instruments. 
Raman discussed (I) the mode of operation of the violin bow, (2) a new 
kinematical method of recording the entire motion of a bowed string (3) the 
projection and (4) photography of vibration-microscope figures. An analysis of 
the principal mode of vibration16 of a bowed string as ascertained from the 
form of its vibration-curves led to the result that at two epochs in each period of 
vibration, the string should pass as a whole through its position of statical equili-
brium, alternately in opposite directions. At the first epoch, the velocity at 
every point on the string is proportional to its distance from one end, there 
being a discontinuous fall of the velocity to zero at the other end. At the second 
epoch, the state of motion is reversed, the motion being such that the velocities 
are proportional to the distances from the farther end, the discontinuous fall 
being at the nearer end point. One of the outstanding problems in the acoustics 
of the violin family of instruments17 was the manner in which the tones elicited 
by bowing depended on the position of the bowed point on the string. The 
problem was complicated because of the existence of other variable factors, 
e.g. (a) the bowing pressure and speed; and (b) the width of the region of 
contact between the bow and the string. Mechanically played violin18,!9 was 
designed to reproduce, as closely as possible, the condition obtained in ordinary 
musical practice. The following points were discussed with the help of such 
instrument. (a) The effect of position of the bowed region on the bowing 
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pressure, (b) relation between bowing speed and bowing pressure, (c) variation 
of bowing pressure with pitch, (d) effect of muting on bowing pressure. 
A mechanical theory was developed20 for bowed string and it was demon-
strated that when the pressure with which the bow was applied, was less than 
a certain critical value proportionate to the rate of dissipation of energy from 
the vibrating string, the bow was incapable of mai:ltaining the ordinary mode 
of vibration in which the fundamental was dominant, and the mode of vibra 
tion should progressively alter into one in which the octave was the predominant 
harmonic. As a result of this, the fundamental becomes subordinate to the 
octave in importance. The predictions of the theory were confirmed by photo-
graphing the simultaneous vibration curves of the belly and string of a cello 
at the wolf-note pitch. Effect of muting on the wolf-note was shown by putting 
a mute on the bridge of such instrument whereby the pitch of the wolf-note 
fell immediately by a considerable extent. It was evident from Raman's detailed 
observation21 that previous workers like Giltay and De Haas were in error in 
assuming that the motion of the bridge of a musical instrument in its own place 
was practically that of a rigid body. It was remarked by Raman that owing 
to the form of the bridge and the cuts in it, it was far from being the case, the 
elastic distortion being very large. The quantitative data obtained showed 
clearly that great increase in the bowing pressure became necessary at the 
wolf-note pitch and proved that the effect of the mute was to increase the 
bowing pressure necessary at low frequencies and to decrease it at high 
frequencies. 
Kaufmann's theory of the impact of the pianoforte hammer was revised 
by Raman and Banerjee22 • It was shown how the general case of an inelastic 
particle impinging at any specified point on the string might be dealt with 
rigorously and the magnitude of the forces exerted during impact and the 
duration of contact might be calculated. It was observed that the duration of 
contact did not continually increase as the striking point was removed away 
from the end of the string but was subject to discontinuous fluctuations. Various 
points were developed in the theory, such as, (a) the manner in which the 
amplitudes of the component partial vibrations of the string depended on the 
position of the striking point, (b) effect of the mass and elasticity of the hammer 
(c) characteristics of the coupled vibrations of the string and sound board of 
the pianoforte, (d) the manner in which the vibrations decay by communication 
of energy to the atmosphere, and (e) the theoretical determination of the quality 
of pianoforte tone. 
The remarkable acoustical properties of the "Tanpura" and the "Vina" 
were studied by Raman23• The sounds of these instruments showed a charac-
teristic, powerful series of overtones, which give them a bright and pleasant 
quality. 
By simple experiments with mono-chord, Raman24 observed that the 
difficulty encountered in the subjective analysis of musical tone arose mainly, 
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if not entirely, from masking of pure tones of higher pitch by those of lower 
pitch. 
Percussion instruments as a class give inharmonic overtones and are thus 
musically defective. Special type of musical drum, where the drum-head carries 
a symmetrical distribution of load in middle of the circular membrane was 
taken up by Raman25 and was found that the musical quality of such drum 
greatly improved characteristic modes of vibration with such central loading. 
It was observed that the vibration of this heterogenous membrane emitted 
fundamental pitch and the octave respectively from modes of vibration without 
any nodal lines and with one nodal diameter. 
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2. Interference, Diffraction, Other Optical Phenomena and Emission 
Spectra 
Raman's interest in wave optics dates back to 1906, when he studied1 the 
diffraction bands produced by a rectangular aperture held obliquely in a 
parallel beam of light. In later years, Raman and his co-workers undertook 
experimental and theoretical investigations on diffraction and interference 
phenomena of light wave by obstacles of various shapes e.g. cylinders, cones, 
spheres and by apertures which were in the form of rectangles, ellipse, semi-
circle and the like. Problems of Newton's rings, Haidinger rings, striae in mica, 
Powell, Quetelet, Talbot and Brewster bands, colours of metal surfaces and 
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mixed plates were thoroughly studied. Various optical phenomena such as 
interference in non-homogeneous light, total reflection, microscopic vision, 
visibility of distant objects, Einstein's aberration experiment, Fizeau effect in 
moving gases received equal attention. Besides, some investigations on emission 
spectra were carried out. Results obtained from these investigations were highly 
interesting. The present review is directed specifically to some of the marked 
results of these investigations. 
DIFFRACTION BY OBSTACLES AND APERTURES 
Raman2-4 made some experimental studies on the diffraction pattern due 
to reflecting surfaces or refracting apertures held obliquely and measured pho-
tometrically the intensities of illumination in the diffraction band system. He 
showed that the amplitude of disturbance at a point on the Huygen's hemi-
spherical secondary wavelets due to these obstacles was maximum at the pole 
of the hemisphere and zero at points on its equator. Further, the amplitude of 
the principal component of the light vector at any point was proportional to the 
cosine of the obliquity (angle made by the line joining that point and the ele-
ment with normal to the plane of the element). The observations were confirmed 
by Mitra from experiments on the asymmetry of the illumination curves in 
oblique diffraction. He also examined Sommerfeld's treatment of diffraction 
by a semi-infinite screen6 held very obliquely. Both interference and diffraction 
fringes, depending on the position of observation, occurred. The results agreed 
with Sommerfeld's theory irrespective of the plane of polarisation of the incident 
light. The characteristics of the radiation of light from boundaries of aperture 
were explained on similar line by Banerjee' and a new geometrical theory was 
proposed8 to describe the diffraction pattern due to a heliometer objective. 
Phenomenon of light diffraction by an oblique transparent cylinder was dis-
cussed from theoretical view point by Chinmayanandam9 who also carried out 
extensive calculations10 on the flow of energy in electro-magnetic field surround-
ing a perfectly reflecting cylinder. A formula for light intensity throughout the 
field in the case of grazing incidence was derived and verified experimentally 
from an analysis of the visibility of fringes. Basu11 put forward a mathematical 
theory to explain the characteristics of the fringes due to diffraction of light 
by cylinders of large radius. Diffraction of light by spherical obstacles and a 
circular disc of same diameter produced by a point source of light was studied 
by Raman and Krishnanl2, 
Experimental results on large angle diffraction by plane, semicircular and 
elliptic apertures were discussed from theoretical standpoint by Mitra13• From 
photographic observations of the diffraction pattern obtained near the focus 
of a converging pencil of rays from an elliptic aperture Raman14 traced the 
transition from Fresnel to Fraunhofer class of diffraction and showed that the 
brightest part of the diffraction pattern outside the elliptic cross section of the 
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beam lay within the geometric evolution of this cross section and was bounded 
by it. A mathematical discussion of the observations on intensity, colour and 
polarisation of light diffracted through large angles by metallic screens and 
wedges with polished edges was given by Raman and Krishnan15• Raman and 
Rao16 investigated the diffraction of light by a very thin transparent plate 
bounded by a straight edge (lamina) on the basis of electromagnetic theory. 
The formula obtained showed that light diffracted at the boundary should 
exhibit colour and polarisation varifying remarkably with the thickness of the 
plate and the direction of observation. Different aspects of laminar diffraction 
of sheet mica were studied by Rao17 •18• Sethil9 observed that if a mixture of 
equal quantities of turpentine and glycerine was shaken, in addition to Chris-
tiansen phenomenon, individual drops exhibited interference and diffraction 
effects. The rings or fringes were due to the interference between the rays totally 
reflected from the curved surfaces of the droplets suspended in the mixture and 
those refracted two times by them. The characteristics of the diffraction of light 
incident at nearly critical angle on the boundary between two media were 
investigated experimentally and the results were discussed20 with reference 
to the theory of Lumar-Gehrke plate. 
INTERFERENCE, DIFFRACTION AND ALLIED PHENOMENA 
Besides aforementioned diffraction phenomena, many other aspects of 
interference, diffraction, colour of plates and various types of bands were also 
experimentally studied. Raman21 showed that in the Newton's rings between 
two lenses of same material due to light polarised perpendicularly to the plane 
of incidence and reflected at an angle greater than the polarising angle of the 
substance, the ~ntre of the ring would be dark. However, if the two lenses 
were of different refractive indices, then under the same condition, the centre 
of the rings would be white if the angle of incidence lay between the polarisation 
angles of the two media. Otherwise, the centre would be dark. The shape of 
Haidinger rings and their visibility in the case of muscovite, mica and other 
crystals which cleaved or were cut perpendicular to one of the axes of symmetry, 
were described by Chinmayanandam22 • A method for fairly accurate deter-
mination of the ratios of principal refractive indices from observations on the 
number of rings between successive lines of minimum visibility was also out-
lined. Raman and Ghosh23 examined the colours of the striae in mica and ob-
served that they were different for different striae changing in a remarkable 
way as the direction of the incident light changed. The striae were regarded 
as lines at which the mica thickness changed in a discontinuous manner and the 
luminosity of the striae was attributed to the laminar diffraction at the boun-
dary. Many aspects on the colours of mixed plates were investigated in a series 
of experiments by Raman and Banerjee24 •25 and later by Raman and Rao26. 
The colours on the surface of tarnishable metal, were also studied by 
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Raman27 and Chuckerbutti28. Raman showed that in the case of tempered steel 
the colours were in the nature of diffraction effects arising from a film of oxide 
of close grained structure formed on the surface during the process of tempering. 
Experimental observations on Powell's bands shown by plates immersed 
in liquids of various composition were made by Sethi29. A simple method was 
devised by which the identity of difference between the group velocities in the 
two media might be ascertained. He also described a new method of observing 
Talbots bands30 and explained the behaviour of these bands. Raman and Dutta31 
developed a new treatment of the theory of Quetelet rings which accounted for 
the effect of obliquity on the visibility of the rings. The effect of double refraction 
on Quetelet's ring in mica was investigated by Sethi and Sogani32 and a theo-
retical explanation of the results was given by them. An explanation of Brewsters 
bands from the standpoint proposed by Schuster was offered by Raman and 
Dutta33. 
OTHER OPTICAL STUDIES 
Raman critically examined34.35 Einstein's suggestion of an experiment 
designed to decide between the wave theory and quantum theory of light. He 
pointed out that Einstein had neglected the effect of diffraction which played 
an important role in the theory of formation of images of illuminated apertures 
by optical instruments. According to him the position of the final image would 
be independent of the relative wavelengths of different light rays so that the 
proposed experiment would not be able to decide between the two theories. 
Raman36 ·37 considered the problem ofHuygen's principle in total reflection 
and developed a treatment of the phenomenon based on physical processes 
making use of Fresnel's theory. The problems of vision and visibility were taken 
up by Raman and his associates. 'Persistence of vision' was investigated by 
Raman38 ; and Sur39 determined the character of images of different types of 
transparent structures under a microscope. It was demonstrated that the visi-
bility of structure depended on the variations in phase of the light passing 
through the transparent material and not upon the variations of its opacity. A 
method for improving visibility of a distant object and especially perceiving 
it in its natural colours was suggested by Raman40• The method consisted in 
simply fitting a small Nicol prism in the eye-piece of the observing telescope. 
Propagation of light through liquid media was also investigated. Reflec-
tion of light from the common surface of two media having the same refractive 
index for light of certain wavelengths was studied by Sur41 who showed that 
the reflection was due to change in the refractive index in the surface layer. 
Raman and Ramdas42 noted that there was no relation in many liquids between 
the coefficient of ellipticity of light reflected from liquid surface at Brewsterian 
angle and its refractive index. This was considered to be due to diminution in 
the density of the surface layer resulting from molecular movement. 
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EMISSION SPECTRA 
Raman and his collaborators made a number of studies on the spectral 
characteristics of emission lines from different elements. Raman and Ganesan43 
showed that Sieberstein's formula for the lines of neutral helium had no physical 
basis because the ionisation potential computed from the formula did not agree 
with experimental results. Moreover, the formula was incapable of reproducing 
the series relationship or the division into singlet and doublet systems. There 
was no selection rules and the intensities of the lines could not be calculated. In 
a subsequent paper41 they pointed out that the coincidences between the wave-
length values calculated from the above formula and those obtained experi-
mentally for some helium lines were fortuitious. Anomalous dispersion and 
multiplet lines in spectra were discussed by Raman and Dutta45 with reference 
to the work of Dorgelo. The spectrum of potassium, excited during spontaneous 
combustion in chlorine was investigated by Ramadas46 who observed a strong 
red emission band and some enhanced lines of potassium. The appearance of 
the enhanced lines was attributed to the electron affinity of the chlorine atom 
and the high temperature attained by potassium vapour as a result of the che-
mical reaction occurring during combustion. 
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3. Elastic and Optical Properties of Solids 
Solids, because of their many interesting properties, also attracted the 
attention of Raman and his school of workers. Using very simple experimental 
arrangements a large number of investigations on the elastic and optical pro-
perties of solids and natural crystals were investigated by them. 
ELASTIC PRoPERTIES oF SoLIDS 
The behaviour of solid elastic bodies during impact was investigated both 
experimentally and theoretically by Raman and his collaborators. The pheno-
menon of impact had been studied by previous workers too and Hertz had 
already developed a theory of impact between two solid bodies. The theory 
was put to many experimental tests by Raman. He showed1 that in the case of 
impact between two spherical balls Hertz's theory was applicable under certain 
limitations on the relative velocity of the two balls. When the velocity was 
sufficiently diminished the stresses developed during impact remained within 
the elastic limit and for such velocities the coefficient of restitution approached 
the value of unity for all solids. The failure of perfect elasticity led to the dissipa-
tion of energy in the impact. The breakdown of an isotropic solid under the 
stress set up by impact, when this exceeded the limit of perfect recovery, was 
studied photographically2• The impact of a polished hard steel ball on the sur-
face of a thick glass plate produced cracks at the margin of the compressed area 
and internal fracture occurred practically along the surface of maximum shear-
ing stress set up during the impact. These experiments led to suitable modi-
ficationsa by Raman of Hertz's theory of transverse impact of a solid sphere 
on an infinitely extended elastic plate of finite thickness. The co-efficient of 
restitution calculated by Raman's modified theory was a function of the elastic 
constants, the densities of the materials, the diameters of the spherical balls, 
the thickness of the plate and the velocity of impact. These conclusions were 
put to experimental test4 using a set of steel balls of various diameters and 
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glass plates of different thickness. Values of coefficient of restitution obtained 
experimentally, generally showed good agreement with those calculated from 
Raman's theory. However, with glass plates of small thickness some small 
discrepancies between the theory and the experimental results were found. When 
the thickness of the plate was reduced to a certain critical value the duration 
of contact increased appreciably. The permanent deformation produced by the 
contact of solids was also experimentally investigated6• The cracks produced 
by steel balls falling on glass slabs spread into the glass as a clearly defined 
regular surface of revolution while on the surface they appeared as an annular 
area inside which the glass was completely broken. 
The coefficient of rigidity of metals7 like sodium, potassium, copper, silver 
and gold was calculated theoretically on the basis of electronic theory. The cases 
of trivalent aluminium and divalent calcium were also considered. In most cases, 
good agreement was found between the calculated and the experimental values. 
OPTICAL PROPERTIES OF CRYSTALS 
The optical properties of naturally occurring crystals were the subject of 
many investigations by Raman and his co-workers. Raman discussed the pro-
perties of smoky quartz8 and the phenomenon of conical refraction in biaxial 
crystals9• A new optical property of biaxial crystal was observed by Raman and 
Tamma10 in that a suitably oriented biaxial crystalline plate was capable of 
forming on one side of it a real and erect image of a source of light placed at 
some distance from it on the other side of the crystal. Deformations of the rings 
and brushes produced by a twinned crystal of Iceland spar was experimentally 
investigated by Chukarbutti11 and properties of irridescent crystals of potassium 
chlorate grown from solution were examined by Ramdas12. Raman and Baner-
jee13 studied the optical properties of amethyst quartz. They showed that cir-
cularly polarised light in passing through a section plate of amethyst quartz 
would be retarded unequally in the alternate laminae having right and left 
handed optical property and would give rise to diffraction effect. The section 
plate in effect behaved as a phase change diffraction grating. The effect of dis-
persion on the interference figures produced by crystals was discussed by 
Raman14. 
Among other phenomena, the production of birefringence in isotropic 
solids under mechanical stress was examined theoretically by Banerjee15 fol-
lowing a method similar to that employed by Bragg for calculating natural 
birefringence in crystals. The calculated values of birefringence agreed with 
the experimental results in some cases and in others there were appreciable 
differences. Birefringence in crystalline carbonates, nitrates and sulphates was 
discussed by Raman16 ; and Narasimham17 investigated the optical properties 
of some aromatic crystals such as their birefringence in relation to their che-
mical constitution and crystal structure. 
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A few other topics like fluorescence of diamond excited by visible light 
was studied by Bhagavantamls. John19 examined similar phenomenon occur-
ring in diamond under bombardment by cathode rays. The bright red fluores-
cence in didymium glass at ordinary temperatures induced by white light was 
spectroscopically investigated by Krishnaiyar2° and the state of polarisation 
of the fluorescent light was recorded. 
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4. Studies on Colloids 
Raman and his co-workerro undertook extensive investigations on diffraction 
effects, transmission characteristics and scattering phenomena exhibited by 
colloidal particles obtained with diverse materials. Many interesting results 
were obtained, the existing theories were critically examined and new explana-
tions were put forward. 
Raman1 showed that the luminous streamers appearing to emerge from a 
small light source viewed against a dark background originated from diffraction 
of light by small particles suspended in the media of the eye and was not due 
to diffraction at the irregular margin of the pupil of the eye as suggested by 
Helmholtz. Transmission colours of sulphur suspensions were examined by 
Raman and Ray2• The suspensions, after a certain stage of growth in particle 
size, transmitted light in the strict optical sense. Ray3, who investigated the 
colour and polarisation of light scattered by suspensions of sulphur having 
large particle size found, on the otherhand, that the intensity oflight scattered in 
different directions had an oscillatory character. A theoretical explanation4 of 
this phenomenon was, later, offered by him. Optical behaviour of protein solu-
tions in relation to Tyndal scattering was studied by Raman5• A very remark-
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able increase of light scattering power by gelatine solution at its isoelectric point 
was found and this was related to the osmotic pressure. A theory of light scat-
tered by colloidal solutions exhibiting Tyndal effect was worked out on the 
basis of the fluctuation theory of optical density in the medium. 
Wave propagation in optically heterogeneous medium formed by sus-
pension of transparent powders in liquid mixtures having a refractive index 
very nearly equal to that of the powder and different aspects of colours of trans-
mitted light, colour of halo, surface colours and colours of doubly refracting 
powders were investigated in detail by Sethi7• The colours of the halo were not 
complementary to that of the transmitted light. A theoretical expression of the 
intensity of light of different colours transmitted by the medium was derived in 
order to show its dependence on the fineness of the suspended powders. 
Various optical effects such as coronas, glories and white rainbows exhi-
bited by clouds of small liquid droplets were studied experimentally by Ray8 
who also gave a mathematical theory of the phenomena. It was shown that ele-
mentary theory of corona in the case of very small droplets, was considerably at 
fault and Airy's theory of supernumerary rainbows was not applicable in such 
cases. Mitra9 reviewed the work on coronas produced by water droplets and 
made some photographic observations of coronas in monochromatic light. With 
increase in the size of water droplets the position and distribution of intensity in 
the rings of corona in monochromatic light differed widely from the simple 
Fraunhoffer diffraction pattern due to an opaque spherical obstacle. 
Sogani10 studied the optical properties of chromatic emulsions and the de-
pendence of the range of wavelengths transmitted by them on the intensity of the 
incident light, the thickness of the emulsion, the average particle size, the con-
centration of the disperse phase and the difference of the dispersive powers of the 
two phases. The light scattered by a homogeneous emulsion gave a discontinuous 
halo concentrated in well defined circular diffraction rings. From experimental 
observation on the relationship between the ratio of the intensities of incident 
and transmitted light and the wavelength of the transmitted light the opacity of 
smoky quartz was shown by Sur11 to be partly due to scattering and partly due 
to real absorption. 
Ramdas12 performed experiments on light scattered by metallic films of gold 
and silver obtained by Cathode sputtering on freshly cleaved surface of trans-
parent mica. The remarkably high optical perfection of mica-gold boundary 
was attributed to the formation of a more or less perfectly uniform film of either 
individual gold atoms or of aggregates consisting of only a few atoms. Scattering 
of light by solid surfaces13 was also investigated by him. It was found that besides 
the usual phenomena of reflection, refraction and volume scattering, a small but 
appreciable fraction of light was scattered by the bounding surfaces of the solid 
in all directions. This was a characteristic property of every surface. However, the 
intensity of light scattered by various surfaces such as, freshly cleaved surface 
of mica, quartz etc, freshly cracked surfaces of amorphous substance like glass 
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and polished metallic surface (obtained by Sputtering) was found to be remark-
ably different from one another. The nature of the polarisation and distribution 
of intensity of scattered radiation in different directions were also different. 
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5. Molecular Scattering of Light 
Lord Rayleigh explained the blue colour of sky as originating from scatter-
ing of sunlight by molecules in the atmosphere. His conclusions regarding the 
blue colour of sea water, however, was only partially correct. Ramani raised 
certain objections to the explanations given by Rayleigh for this phenomenon. 
From extensive and critical laboratory experiments with different samples of 
water, Raman2 came to the conclusion that molecularly scattered light was largely 
responsible for the blue colour of sea water. Raman and his school of workers car-
ried out extensive theoretical and experimental investigations on different aspects 
of scattering of light by gaseous, liquid and solid media under widely different 
physical conditions. The results clearly indicated that light scattering was an 
effect primarily arising from molecular disarray in the medium. 
ScATTERING IN GAsEs 
In spite of low density gases usually scatter light more intensely than liquids 
or solids. Raman and his collaborators generally used sunlight condensed by a 
good lens of large apperture as the source of illumination. In the earlier investi-
gations Ramanathan and Sreenivasan3 and Ramkrishna Rao4 employed glass 
bulbs of special design for the container of gases at ordinary pressures. Bhaga-
vantam5 and Parthasarathy6 used metallic containers in the form of a cross with 
suitable glass windows for illumination and observation purposes and for mea-
suring scattering from gases under sufficiently high pressures. 
The state of polarisation of light scattered by gases was not perfect. The 
expression for depolarisation factor of light scattered in a direction transverse to 
the incident beam was derived theoretically under the assumption of perfect 
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parallelism of the light beam. The importance of accurate determination of the 
depolarisation factor was discussed by Ramanathan and Sreenivasan7• Ram-
krishna Rao1 considered the correction to be applied to the measured value of 
the depolarisation factor because of convergence of the incident light beam. 
According to him such corrections were unnecessary if observations are made 
precisely at the focus of the condensing lens. The importance of depolarisation 
measurement lay in the fact that the values were directly connected with optical 
anisotropy of the molecule constituting the gaseous medium. Raman and 
Seshagiri Rao8 and Ganesan9 studied the polarisation of light scattered by gases 
and vapours. Parthasarathy6 reported depolarisation data in many gases and 
discussed the results in relation to molecular structure. 
ScATTERING IN LIQ.UIDS AND ALLIED PHENOMENA 
The problem of light scattering in liquid was different from that in gases 
because of the greater density in liquids and complications arising from neigh-
bouring molecules. Extensive investigations of this phenomena by Ramanathan10, u 
Raman and Rao12, Krishnanl3, Rao14 and others supported, generally the 
Einstein Smoluchouski fluctuation theory of light scattering in liquids regarded 
as a continuum. Ramanathan15 also considered the fluctuations of dielectric 
constants in liquids and their relationship with molecular scattering of light. 
He, earlier, developed an electromagnetic theory of the scattering of light 
in fluids16, 17• 
The relative intensity of scattered light and its degree of polarisation were 
important in connection with scattering by dense fluids. Systematic work in this 
respect was done by Krishnan13, Banerjee18, Venkateswaran14 and Rangana-
dham20. From measurement of the absolute intensity of light scattered by water 
Raman and Rao12 determined the value of Avogadro constant. On the basis of 
fluctuation theory and isotropic Lorentz-polarisation field a relation between the 
depolarisation factor of light scattered by a substance in its gaseous and liquid 
states had previously been worked out. Raman and Krishnan21 pointed out that 
the values calculated from this relation did not agree with the experimental re-
sults. A theory, in which the isotropic polarisation field was replaced by an aniso-
tropic polarisation field was developed by them. Values of depolarisation factor 
obtained from the modified theory agreed with the experimental values in some 
alkanes. 
Light scattering in binary liquid mixtures were investigated by the Raman 
school of whom the names of Rav22, 23 and Parthasarathy24 among others may be 
mentioned. Quantitative measurements indicated that in the mixtures the scat-
tering arose from fluctuations in concentration, density and orientation. The 
concentration scattering in comparison to density scattering was generally small 
in completely miscible and partly miscible liquids at temperatures far removed 
from critical temperature of the solution but became very large as the critical 
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temperature was approached. Venkateswaran25 investigated scattering of light 
in aqueous solutions with reference to the influence of electrolytic dissociation. 
Diverse phenomena such as effect of temperature, pressure, etc. on the 
characteristics of scattering, scattering near critical state and scattering by liquid 
boundaries were extensively investigated. Ramchandra Rao26 examined the 
relationship between molecular form and association on light scattering in 
fatty acids, alcohols and aromatic compounds. Experimental investigations on 
the scattering of light by liquid boundaries for various angles of incidence 
under a wide range of physical conditions in a large number of liquids were 
carried out by Raman and Ramdas27o2S, The intensity as well as the 
state of polarisation of the scattered light varied greatly with the azimuth of 
the angle of observation. The intensity of surface scattering was high in liquids 
oflow surface tension which indicated the molecular nature of the surface forces. 
Ramanathan29 studied light scattering in saturated ether vapour, in the 
liquid itself and in the gas above critical temperature. Scattering in carbon di-
oxide gas as unsaturated and saturated vapours, as liquids under its own vapour 
pressure and externally applied pressure, substance in the vicinity of critical state 
and in the gaseous state above critical temperature was investigated by Raman 
and Ramanathan30. In all cases, except in the vicinity of the critical state, the 
intensity of the scattered light was in agreement with that given by theory and 
increased rapidly with the approach of the critical state. The depolarisation of 
scattered light decreased with increasing temperature and pressure becoming 
vanishingly small in the critical state. 
Light scattering from ice and different optical glasses was also studied by 
Ramana1• The intensity of the scattered light was of the same order as demanded 
by the usual laws of scattering. 
ANISOTROPY OF MOLECULES 
The gradual passage of the effective optical anisotropy in the liquid phase 
to that observed in the corresponding vapours was followed by Krishnan32 and 
Ramachandra Rao33. The experimental data showed that practically all mole-
cules of the liquids were optically anisotropic and the symmetry in the structure 
of the molecules played an important role in determining the shape of the polari-
sibility ellipsoid. Imperfection in the polarisation of scattered light was under-
stood on the basis that molecules in general were optically anisotropic and 
therefore, the quantitative estimate of the same was necessary. Following a 
suggestion by Raman34, Ramanathan35 calculated the optical anisotropy of 
certain simple molecules possessing well-known configurations. 
BACKGROUND LEADING TO THE DISCOVERY OF RAMAN EFFECT 
The intensive experimental investigations on the characteristics of light 
scattered by different media under diverse physical conditions during the years 
4 
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1921-27 led to certain peculiar result which were not at all forthcoming from 
theoretical considerations. As early as 1923, Ramanathan found existence of a 
feeble secondary radiation in the light scattered by certain liquids in which the 
depolarisation of the scattered radiation varied with the wavelength of the inci-
dent radiation. This was detected by the use of complimentary filters in the inci-
dent and scattered beams. Even after exhaustive chemical purification and 
repeated slow distillation of the liquid under reduced pressure the intensity of the 
feeble radiation remained undiminished showing that it was a characteristic 
property of the substance and was not due to any impurity. Krishnan observed 
a similar effect in many other liquids and a conspicuous phenomenon in ice and 
some optical glasses was reported by Raman. A strange phenomenon in liquid 
glycerine was noticed by Venkateswaran. The radiation scattered by it was 
brilliantly green instead of being blue. Further, the radiations were strongly 
polarised suggesting them to be different from well-known fluorescence. Raman 
using solar radiation in conjunction with filters transmitting narrow regions of 
the solar spectrum observed that the colour of the scattered beam in each case 
to be different from that of the incident light, the shift being always towards the 
red end of the spectrum. With further improvements in the experimental tech-
nique, several organic liquids were found to scatter the incident indigo-violet 
light in the blue-green region in the form of a broad band. All these observations 
left no doubt about the creation of secondary radiations of altered wavelengths 
in the process of scattering. Shortly afterwards, the phenomenon was studied 
using a quartz mercury lamp as a powerful and convenient source of excitation 
with the advantage of the presence of a few intense and suitably separated nearly 
monochromatic wavelengths. The scattered radiations were photographed with 
a portable Hilger quartz spectrograph. The spectrogram revealed the presence 
of a number of lines or bands not contained in the spectrum of the incident 
radiation36• This new light effect came to be known as "the Raman Effect". 
Some significant results obtained in this field by Raman and his school of 
research workers have been described in a separate section. 
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6. Electrical, Magnetic and Mechanical Birefringence 
Investigations on light scattering opened up new avenues for studying other 
types of anisotropy possessed by molecules. Some of the important results 
obtained by Raman and his collaborators in this direction are briefly reviewed 
under the following sections. 
ELECTRO-OPTIC EFFECT 
Many substances when placed in an electric field of suitable strength be-
come double refracting. This electro-optic effect known as Kerr Effect had been 
the subject of investigations by Raman and his collaborators. The theory of the 
effect had previously been given by Langevin and Born. Raman and Krishnan1 
examined critically all the available data on the double refraction phenomenon 
in relation to the optical anisotropy and polarity of molecules of gases, vapours 
and liquids. Born's theory was found to be generally valid a.nd in the case of polar 
molecules with definite form of optical ellipsoid and position of the electric 
moment the Kerr constant calculated from data on the depolarisation factor of 
the light scattered by the molecules of the different media agreed numerically 
with the value calculated from Born's theory. Measurement on temperature 
variation of double refraction of liquids supported the theory. Subsequently, 
Raman and Krishnan2 pointed out that certain experimental observations could 
not be satisfactorily explained by Born's theory. A new theory was developed by 
them based on the idea that molecules in the fluid were both optically and elec· 
trically non-isotropic and that in addition the polarisation field acting on a mole-
cule in the dense fluid varied with its orientation relative to the external field. 
A new and striking observation on the disappearance and reversal of Kerr-
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effect in viscous liquids under the influence of radio frequency electric field was 
made by Raman and Sirkar3• According to them the couple acting on the perma-
nent electric moment of the polar molecules of the liquid should disappear at 
high frequencies of the oscillating electric field while that on the moment induced 
in the molecule by the field should persist even at optical frequencies. Observa-
tions made with higher alcohols confirmed this remarkable prediction. The 
cooling of the liquid shifted the frequency to lower values at which the 
disappearance and reversal of Kerr effect occurred. From measurement in 
unidecyl alcohol Sirkar4 estimated that the time of relaxation of Kerr-effect 
in the liquid lay between 10-s-1 0-9 sec. 
Raman and Bhagavantam5 gave a general theory of colour and molecular 
structure and a relation between electric polarisability of the molecule and 
its diamagnetic susceptibility was worked out by Bhagavantam6• 
MAGNETO-OPTIC EFFECT 
Closely connected with the Kerr-effect in electric field is the magneto-
optic effect which showed double refracting property by a substance under 
magnetic field. Extensive studies on the magnetic birefringence in gases and 
vapours, liquids and liquid mixtures, solutions and melts, amorphous and crystal-
line solids were carried out by Raman and his collaborators. These naturally 
led to investigations on magnetic susceptibility and its relation with mole-
cular and crystal structure. 
Magnetic double refraction in the gases H 2, CO and C027 and the para-
magnetic nitric oxide8 was measured by Krishnan. His results did not indicate 
the possibility of orientation of the molecules of these gases in the magnetic 
field as was required by the theory and observation of anomalous increase of dia-
-magnetism with pressure in the case of the first three gases reported by previous 
workers. Accurate magnetic susceptibility measurement in these gases by 
Vaidyanathan9, 10 did not show the presence of the reported anomalies. The 
molecules of ethylene expected to be paramagnetic was found to be diamagnetic 
frommagneticsuceptibility measurement of its vapour11 • The magnetic suscepti-
bility of the vapour of some diamagnetic organic compoundsl2 was nearly 
equal to that of the corresponding liquids while in CS2 and C6H 6 the vapour 
phase value was higher13. 
In contrast to gases, magnetic double refraction had been observed in al-
most all aromatic and aliphatic liquids14• Raman and Krishnan15 discussed 
the results of measurements on the magnetic birefringence in liquid benzene and 
of its derivatives on the basis of Langevin's theory utilising data on optical 
anisotropy of the molecules derived from observations on light scattering. 
The difference between the aliphatic and aromatic hydrocarbons regarding 
magnetic double refraction was more pronounced than that with respect to 
their optical anisotropies. Estimate of magnetic anisotropy of the molecules 
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made from light scattering data indicated relatively strong positive magnetic 
anisotropy for C=O group and negative values for CH3 and OH groups16• 
According to Ramanadhan17, saturated compounds and their derivatives as a 
rule showed negative birefringence. When a group was substituted in a mole-
cule, the optical and magnetic anisotropies of the combination increased and 
decreased together if the · group had the same sign for magnetic birefringence 
as that of the rest of the molecule. But if the group and the molecule exhibited 
opposite signs in their magnetic birefringence the optical anisotropy of the 
resultant increased and the magnetic anisotropy decreased16• 
Magnetic birefringence in binary liquid mixtures was also studied. In 
general, the susceptibility of the liquid mixtures was linearly dependent on 
the concentration of the components. But in some cases departure from the 
linearity law was also observed19• The variation in the optical anisotropy of 
molecules with dilution was a main factor for the observed deviation. 
Investigations on the diamagnetic behaviour of solids by Raman and his 
school had been numerous and varied. Solids were studied in the amorphous 
and crystalline states and also as melts and in solutions. These included both 
organic and inorganic compounds. Compounds belonging to the rare earth 
group showed striking variations in their magnetic behaviour. 
Both amorphous carbon and diamond were found to possess low diamag-
netic susceptibility in constrast to the very high value in graphite20• The differ-
ence was due to the non-crystalline nature of amorphous carbon and the non-
conductivity property of diamond while the large value in graphite arose from 
the circulation of electron orbitals round the plane hexagonal rings of carbon 
in the crystal lattice21 • On colloidation, the diamagnetic susceptibility of 
graphite, antimony and bismuth decreased from their respective values in the 
crystalline state indicating the existence of large electron orbitals comprising 
groups of molecules in the microcrystals22 • 
Magnetic behaviour of aliphatic and aromatic crystalline compounds was 
also different. The aliphatics showed feeble anisotropy whereas the aromatics 
displayed higher anisotropy. From a magnetic point of view the crystals fell 
in two classes. In one, the axes of optical anisotropy and maximum diamagnetic 
susceptibility were coincident and in the other they were crossed28• In naphtha-
lene crystals24, two of the axes of magnetic anisotropy ellipsoid were coincident 
with two axes of the optical anisotropy ellipsoid. Raman25 pointed out that the 
high degree of magnetic anisotropy in the naphthalene crystals was expected 
from the measured values of magnetic birefringence in the melt of the crystals. 
In general, aromatic compounds in the liquid states showed strong magnetic 
birefringence because the magnetic and optical characteristics of these molecules 
were linked together. 
Calculated values of magnetic birefringence of solutions of organic and 
inorganic compounds in suitable solvents were smaller than the experimental 
values26 • This arose from the reason that the magnetic susceptibilities and 
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anisotropies of the molecules in the solutions were different from the respective 
values of these quantities in the corresponding crystals. 
Of the inorganic compounds, Sashagiri Rao27 studied the magneto-crystal-
line properties of Indian bra unites which revealed certain interesting variation 
of the magnetic susceptibility in the plane of symmetry of its crystals and along 
the axis of symmetry perpendicular to the plane. The diamagnetic anisotropy 
in the nitrates and carbonates of Na and K was measured by Krishnan and 
Raman28 • A new type of magnetic birefringence in the case of rare earth salts 
was first observed by Chinchalkar29 and the experimental results were discussed 
by Raman and Chinchalkar3°. 
MECHANICAL BIREFRINGENCE 
Intimate connection of double refraction produced in liquids under 
mechanical stress, known as "Maxwell Effect", with the optical anisotropy of 
the molecules comprising the liquid was first pointed out by Raman and 
Krishnan31. A theory of the phenomenon on lines similar to those adopted by 
Langevin and Born in the cases of electric and magnetic birefringence was 
given by them32. 
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7. Raman Eft'ect and Raman Spectra 
The phenomenon of Raman effect was first observed in liquid benzene and 
was thought to be an optical analogue of the Compton-effect. In subsequent in-
vestigations carried out by Raman in collaboration with Krishnan, this view was 
abandoned because unlike in the Compton-effect, the momentum of the photon 
did not play any noticeable role in the new phenomenon. Apart from its theore-
tical significance, the new discovery found wide application in the study of 
many physical and chemical problems. 
RAMAN SCATTERING IN GASES AND VAPOURS 
Though the phenomenon of creation of secondary radiations of modified 
wavelengths was first observed in liquids, the study of Raman scattering in 
gases and vapours proved to be highly rewarding from theoretical point of view. 
The Raman spectra of ether and hydrogen sulphide in liquid and vapour phases 
were studied by Ramdasl and Bhagavantam2 • The intensity of the Raman 
lines in each gas was found to be roughly proportional to its density and the 
spectra of hydrogen sulphide in both liquid and vapour phases showed the 
presence of Raman lines arising from free rotation of the molecules. 
Bhagavantams.4 with a specially constructed apparatus investigated the 
Raman spectra of various simple gases at pre~sures up to 50 atmosphere. The 
Raman lines representing vibrational transitions were usually polarised while 
the polarisation of the Raman lines due to rotational transitions were found 
to be imperfect. Above a certain pressure, which was different for different 
gases and which corresponded to a stage where the frequency of collision equall-
ed the frequency of molecular rotation in the unit quantum state, the rotational 
Raman lines were replaced by broad unresolved bands. 
The intensities of Raman lines of hydrogen gas were measured by methods 
of photographic photometry by Bhagavantam5- 8 and Manneback's theory of 
rotational Raman scattering was subjected to a quantitative test. A beautiful 
agreement between experimental and theoretical values was found in respect 
of the relative intensity (both vertical and horizontal components) of the differ-
ent lines in the P and R branches. But striking disagreement with the con-
clusions of the theory appeared in respect of the intensities of the horizontal 
components of each of the P and R branches and that of the Q-branch. The 
cause of failure of the quantum mechanical theory, according to Bhagavantam, 
was due to the fact that the intrinsic spin of the photon was not properly taken 
into account. A revised calculation on the modified basis gave results in agree-
ment with the experimental observations in the case of diatomic gases, such as, 
oxygen and nitrogen. 
Bhagavantam9, while performing measurements on the depolarisation of 
light scattered by gases and vapours, came to two interesting conclusions. Firstly, 
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the formula connecting the results of observations made without spectral re-
solution with the optical anisotropies of molecules assumed not to be in rotation 
remained generally valid. Secondly, the true depolarisation of Raman scatter-
ing from diatomic gases which studied spectrospically should be lf4 of the 
depolarisation of the unresolved scattering was, actually, found to be 1/3 for 
symmetric top molecules. A numerical computation of the intensity of vibra-
tional Raman scattering in some simple molecules10 led to results which were, 
generally, of the same order of magnitude as obtained from experiments. 
Certain discrepancies, however, appeared between the calculated and observed 
values for the states of polarisation. The usually large contribution of the aniso-
tropic part to the intensity in H 2, 0 2 and N 2 was not in accordance with ex-
perimentally observed state of polarisation of the vibrational Raman lines of 
these molecules. 
CRYSTALLINE AND AMORPHOUS SOLIDS 
Raman scattering was observed not only in fluids but also in solids, both 
crystalline and amorphous. Pure water, in the liquid phase and in the solid 
state as ice, exhibited Raman scattering. In the case of ice, the Raman bands 
were sharper and of shorter wavelengths than those in water11• 
The Raman line in the spectrum of diamond12 was found to be accompanied 
by a continous band, the intensity and extent of which varied with the colour 
of the diamond, being most conspicuous with diamonds of pale blue colour and 
extremely feeble in white diamonds. The blue colour of some diamonds in 
ordinary daylight was thought to be due to such fluorescent radiations. A theo-
retical computationl3 with a tetrahedral model of diamond crystal predicted 
four fundamentals of frequency 440,780,1306 and 1750 cm-1 and the third 
frequency corresponded to a mode approximately representing the osciallation 
of the central carbon atom in the tetrahedron. In an exceptionally clear diamond, 
a number of weak Raman lines on either side of the very intense principal line 
at 1332 cm-1 were observed14.Various considerations indicated that the principal 
Raman line at 1332 cm-1 and its accompanying components should be optically 
inactive in Raman scattering in ideal diamonds. Their appearance in more 
commonly available diamonds was attributed to these modes rendered active 
by imperfections in their crystal structure. 
Raman spectra of crystals of quartz, topaz, calcite and selenite were in-
vestigated by Krishnan15 • That water, even when present in the crystal as 
water of crystallisation, retains its identity, was demonstrated by the Raman 
spectrum of selenite in which a strong and fairly well defined line and two fainter 
lines were observed in almost identical in positions as found the spectrum of 
water and ice. 
The Raman spectra of a large number of inorganic solid compounds in 
the form of small crystals or polycrystalline lumps were studied by Krishnamurti. 
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In nitrates16, the Raman inactive vibration frequency of the N03 -ion appeared in 
the spectrum of all the compounds as a sharp Raman line whose position varied 
from one compound to the other. This clearly revealed the influence of metal 
ions on the inactive frequency, the primary factor being the volume occupied 
by the metal ion in the crystal lattice. Among the various halides investigated17, 
the Raman spectra of mercurous and mercuric chlorides indicated linear 
arrangement of atoms in these molecules while triangular models were consis-
tent with the Raman data for the molecules of ZnC12 and CdC12• Excepting 
SnC14 , BiC13, and PC15, all other chlorides examined failed to show any Raman 
line thereby demonstrating that covalent bonds were necessary for the appear-
ance of Raman lines and compounds composed of molecules having only 
electrovalent linkages would not show any vibrational Raman scattering. 
Venkateswaran18 also reported the Raman spectra of a few other inorganic 
chlorides which more or less supported these observations. In addition, Raman 
scattering of various metal sulphates, also investigated by Krishnamurti19, 
yielded information on the essential dependence of the Raman frequencies of the 
sulphate ions on physical environments, such as, state of hydration, dissolution 
in solvents, the size of the surrounding ions and the magnetic field exerted 
in the surrounding of the anion by the paramagnetic cations. 
Lead acetate, urea and hexamine in crystalline form and in solutions were 
studied2o. The formation of hydrates in the case of hexamine was inferred 
from changes observed in the Raman spectrum of its crystals with dissolution. 
The carbonyl group frequency did not appear in the Raman spectra of lead 
acetate and urea. This indicated the possibility of urea molecule existing in 
a form not containing the carbonyl group. 
Under excitation by the 4358 A group of Hg-lines, sulphur crystals at 
liquid air temperature exhibited Raman lines which were not observed in 
its spectrum at ordinary temperatures. The intensities of the Raman lines from 
4358 A excitation were smaller than that from 5461 A, the weakening being 
primarily due to absorption of 4358 A radiation by molecules of the yellowish 
sulphur crystals. This fact pointed to the importance of the proper choice of the 
exciting radiations in the investigation of Raman spectra of coloured substances. 
Attempts were also made to correlate the Raman spectra of crystals with 
their structure. The spectra of crystals of phosphonium, and alkyl iodides, 
crystalline powders of compounds containing X03 and X04 type of groups, 
some hydroxides, cyanides and sulphocyanides were studied for this purpose 
by Pai22 •2a and Krishnamurti24.25• 
Amorphous solid like glass also exhibited Raman scattering. Bhagavantam26 
observed, besides some weak Raman bands, two prominent bands at 500 and 
1080 cm-1 in the spectra of many different types of glasses. In glasses of low 
refractive index the former of the two was more intense while with increasing 
value of refractive index, the latter gained in intensity and became more pro-
minent. 
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RAMAN SPECTRA OF LIQUIDS 
Methods of investigating the Raman spectra of liquids were much simpler 
than those for gases or solids and were, therefore, vigourously applied by the 
workers of Raman School for studying various aspects of molecular structure 
and molecular vibrations in simple and complex molecules. The nature of 
chemical bonds, formation of hydrates, polymerisation and association, possi-
bility offree rotation in liquid and many other diverse problems were investigat-
ed. Theoretical calculations were also nndertaken for obtaining better under-
standing of the phenomenon of Raman scattering. 
The Raman spectra of liquids differed in many cases from those of gases. 
Many liquids, in addition to Raman lines of different frequency shifts, exhibited 
a continuous spectrum of varying intensity and extent. This feature was fonnd 
to be intimately connected with the viscosity of these liquids27 •2s. 
Though the frequencies of vibrations of molecules in the gaseous state 
were really useful in the determination of their structure, because of many 
experimental difficulties inherent in such studies, attempts were made for 
correlating molecular structure with the Raman spectra of simple molecules 
observed in the liquid phase. Bhagavantam29 was thus led to assign a non-
linear form for the molecule of so2 in contrast to the linear structure of the 
molecules of C02 and CS2 • The Raman spectra of many allied compounds 
showed great similarities. Thus in the case of the molecule of isobutane3°, close 
resemblance was observed with the spectra of chloroform and bromoform, a 
result indicating similarity of the structure of all the three molecules. Some 
characteristic Raman frequencies observed in the spectra of many organic 
chloro and bromo compounds made possible the identification of the presence 
of C-Cl and C-Br bonds in the appropriate molecules31• 
The characteristic vibrational frequencies of molecules having structures 
represented by models like X 2, X 3, X 4 and AX2, AX3 and AX4 were theoreti-
cally derived by Bhagavantam32 and these results were correlated with those 
obtained experimentally for such molecules. The vibrations of a hexagonal 
ring was deduced33 by utilising the theory of vibrations of a solid elastic cir-
cular ring. The observed Raman frequencies of benzene were assigned to 
one or other of these forms of vibration. 
Many other interesting features in molecular behaviour were also discover-
ed from the study of Raman spectra ofliquids. In the organo-metallic compound 
of ZnX2, possibility of the presence of isotopes of Zinc was detected from 
the feature of certain Raman lines of the compound34• The Raman spectra of 
organic sulphide molecules35 were not affected by the nature of groups attached 
to the carbon atom or by the difference in the chemical bond between the sulphur 
and carbon atoms. The nature of the chemical bonds between the sulphur 
atoms in the disulphides was found to be different from that in s2. 
The methods of Raman spectroscopy were applied for studying the 
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behaviour of mixtures of polar liquids which often exhibited marked deviations 
from the additive law in respect of such properties as density, vapour pressure, 
viscosity and refractive index. Such changes in the case of aqueous solutions 
were attributed to the formation of definite hydrates. Marked variations of 
characteristics such as displacement of frequency shifts, broadening, splitting 
into components and changes in the relative intensity of Raman lines observed 
in the spectra of aqueous solutions of methyl alcohol, acetic acid and pyridine36.37 
and formic acid38 indicated the formation of such hydrates. The phenomenon 
of polymersation in sulphur trioxide was also studied39 from the changes in 
the Raman spectrum of the compound occurring with temperature changes. 
Comparative study of the Raman spectra of the molecules of NH3 , H 20, 
S02, HCl and HBr in the gaseous and liquid phases revealed the possibility 
of association between the polar molecules in the liquid state. Raman spectra 
of solutions of different strengths of hydrochlorides of weak bases demonstrated 
the effect of hydrolysis40 and an approximate idea of the degree of hydrolysis 
was obtained from the relative intensity of the Raman lines due to the base 
and its hydrochloride. Raman studies of the intensity of rotational scattering 
in a large number of associated and non-associated liquids41 in conjuction 
with the theoretical results deduced from Manneback's theory as modified 
by the suggestions of Raman and Bhagavantam yielded certain important 
information. The molecules of the non-associated liquids were found to be 
capable of free rotation while in the highly viscous and associated liquids like 
salol and formic acid such rotations were greatly hindered. 
Besides the above mentioned results, the study of Raman spectra of many 
aliphatic and aromatic liquids'2- 45 enabled the systematisation of the normal 
vibrational frequencies of the molecules. A comparision of the spectra of the 
substituted benzenes with that of benzene revealed that many of the 
Raman lines due to characteristic vibrartions of benzene molecules appeared 
in the spectra of all its derivatives more or less in the same position. This was 
related to the fact that all the latter molecules contained the benzene nucleus. 
The infrared absorption study was a distinct method, applied by many 
workers, for the determination of the vibrational frequencies of molecules. 
This was complementary to the Raman spectroscopic method. However, in 
many cases the number of infrared absorption maxima of a given compound 
was found to be much greater than the number of Raman lines, obtained in the 
usual manner for the same compound. By using special filters Krishnamurti46.t7 
and Sirkar48.49 were able to rt:cord many new Raman lines in the liquid phase 
spectra of octane, cyclohexane, acetone, acetic acid, dimethyl ether, diethyl 
ether, ethyl alcohol, piperidine, pyridine and benzene. The complete Raman 
spectra reproduced in a striking way, all the infrared absorption maxima report-
ed for these compounds by previous workers. This fact suggested that in reality 
the possibility of the existence of completely inactive frequencies in complex 
molecules in the liquid state should be excluded. 
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Intensity and Polarisation of Raman Lines 
The study of the state of polarisation of Raman lines received due atten-
tion because of the close similarity50 found to exist in the polarisation character 
of the lines arising from simple molecules having analogous structures. The 
forms of the various characteristic vibrations were suggested to be one of the 
main factors influencing the polarisation character of the Raman lines. Some 
intense Raman lines in liquid benzene and cyclohexane were almost perfectly 
polarised51• These frequencies appeared either weakly or were absent in the 
infrared absorption spectra of the two compounds and hence were considered 
to represent inactive vibrations of the molecules concerned. The rotational 
Raman lines appearing in the unresolved wing accompanying the Rayleigh 
lines in the liquids were depolarised to the extent of 6/7 and no cases were 
found for which the depolarisation factor exceeded this value52 • The Raman 
lines representing symmetric vibrations of various molecules exhibited a small 
but definite polarisation. 
A classical theory for the scattering of circularly polarised light by rotating 
molecules was worked out by Bhagavantam53• In the forward direction a part 
of the total Rayleigh scattering was circularly polarised in the same sense as 
the incident light and another part was unpolarised. In the rotational Raman 
scattering a part in each branch was circularly polarised in the opposite sense. 
The intensities of Raman lines excited by radiations of different wave-
lengths showed definite deviations from the values calculated from Rayleigh's 
inverse fourth power law sue. The intensities of Raman lines due to 4046 A 
and 3132 A excitations relative to that due to 4358 A were respectively 1.17 
and 1.38 times greater than the calculated values. Similarly, in the case of some 
Raman lines of cyclohexane and benzene, deviations observed were higher 
for Raman lines of larger frequency-shifts and smaller for those having 
smaller frequency-shifts . 
Spectra of liquids reported earlier by Raman showed modified lines whose 
wavelengths were longer than that of the exciting radiation and were termed 
Stokes Raman lines. Subsequently, the presence of Raman lines with wave 
lengths smaller than that of the incident radiation was detected by Krishnan 57 
and were known as anti-Stokes Raman lines. The polarisation and intensity 
measurement described above partained to the Stokes Raman lines. The relative 
intensities of the Stokes and anti-Stokes Raman lines were measured accurately 
by photographic photometric method. The values of the intensity ratio were 
shownG8 to be given correctly by an expression derived theoretically by Placzek. 
Other Investigation on Raman Spectra 
Most of the liquids investigated were colourless and were transperent 
to the exciting radiations used for obtaining their Raman spectra. Coloured 
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substances showing strong absorption of the exciting radiations usually employed 
could not be studied. To overcome this handicap a cadmium arc with a 50% 
Sn-Cd alloy was constructed and used by Krishnamurti59• The possibility of 
using 6439 A line for orange and red coloured substances was pointed out by 
him. Raman spectrum was also recorded under high dispersion 5° which proved 
to be very useful because of its capacity for giving accurate values of various 
Raman shifts and also information regarding the spectral nature of the Raman 
lines. The effect of an alternating electric field on the polarisation of Raman 
lines from some organic liquids was investigated by Sirkar61 and the depolari-
sation was found to increase in some cases and to decrease in others by about 
10-15%. The polarisation of Raman lines depended also on the frequency 
of the exciting radiation. Sirkar62 observed for such liquids as have their 
absorption bands in the near ultra-violet, that there was a considerable 
depolarisation of Raman lines but for liquids, whose absorption bands were 
further in the ultra-violet, the depolarisation was practically independent of the 
frequency of the exciting radiation. 
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8. X-Ray Studies 
In 1923, Compton successfully explained the wavelength shift of the 
incoherent x-ray scattering according to the new quantum theory. Raman1 
realised the importance of this work and found out theoretically an expression 
for the intensity of the Compton lines assuming the electrons to form a gaseous 
spherical envelope around the nucleus. 
X-RAY DIFFRACTION OF LIQ.UIDS 
During the early period of his research activities Raman also developed 
great interest for molecular aggregation in liquids and studied the scattering of 
light and x-rays from liquids. In order to explain the observed intensity distribu-
tion of the x-rays scattered by liquid, he developed a model for the structures of 
liquids in collaboration with Ramnathan. They assumed2 that the positions 
of molecules in liquids were not at random but possessed a certain amount 
of regularity. The distribution of molecules in the fluid consisted of a continuous 
structural spectrum which had its peak at a distance ,\0 equal to the mean dis-
tance between neighbouring molecules. Since x-ray wavelengths are com-
parable to the molecular dimensions, the intensity of x-ray scattering from 
liquids should show a maximum at the Bragg refiexion angles corresponding 
to ,\0 . From the statistical thermodynamical considerations, an expression for 
the intensity distribution in the x-ray scattering was derived. The experimental 
results of Hewlett and others were explained satisfactorily by this theory. 
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Pure Liquids 
Inspired by the success of this theory, Raman initiated experimental in-
vestigations on the x-ray scattering from liquids. Sogani3 recorded the 
x-ray diffraction patterns of 22 aliphatic and aromatic liquids and estimated 
the average intermolecular distance from the positions of the maxima of the 
diffraction haloes. This distance was dependent on the length and shape of 
the molecules. In addition to the diffraction haloes, a somewhat strong 
scattering was observed around the direct beam. This was supposed to 
originate from the fact that at small angles the interference between scattered 
rays are ineffective and the liquid behaves as a gas. Hence, the outer edge 
of this scattering gave a measure of the lowest size of the molecules. It is 
gratifying to find that this idea mooted as early as 1925-26, has developed 
into a very important tool for the determination of particle size in crystals 
in the hands of modern x-ray crystallographers. Sogani4 also studied the x-ray 
diffraction from fatty acids, compounds of pyridine, phenetol, ether, glycerine, 
nitrobenzene and mercury. The spacing corresponding to the maximum of 
the halo was related to the cross-sectional dimensions of the molecules. 
Similar studies were extended to liquids of disubstituted aromatic 
compounds by Krishnamurti5 • He showed the existence of two diffraction 
haloes in the case of ortho and meta compounds while the para com-
pounds exhibited only one halo. The outer halo in the ortho and meta com-
pounds and the single halo of the para compound were attributed to the 
thickness of the molecules whereas the inner halo was associated with the 
average spacings of the length and the breadth . As a consequence, the inner 
halo changed position with the increase of the size of the substituents while the 
outer one appared almost at the same position. From a similar study of the 
x-ray diffraction patterns of the liquids-ethylalcohol, acetic acid, phenol, 
o-toluidine, diphenylamine etc. Krishnamurti6 observed a faint inner ring which 
was not observed by previous workers. This was ascribed by him to a strong 
association of groups of molecules. Vaidyanathan7 made a systematic study 
of the x-ray diffraction haloes of 21 liquids belonging to terpene series. It was 
observed that for each class of terpenes-long chain olefinic, cyclic with CO 
group, cyclic hydrocarbon and sesquiterpene-haloes with peaks nearly at the 
same angle were present. The peak position, however, varied gradually from 
one class to the other. The main peaks 'Yere ascribed, as before, to the mean 
molecular distance. 
Aqueous Solutions and Mixtures of Liquids 
Apart from the above studies of the pure liquids, x-ray diffraction studies 
of sugars, dextrine, gelatin, sodium oleate tanin, gum arabic, NH4N03, aceta-
mide powders and their aqueous solutions at different concentrations were 
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carried out by Krishnamurti8 . At high concentration, the solutions showed rings 
corresponding to the strongest rings from the powders of the substances along 
with the diffraction halo of water. At lower concentrations, the rings of the 
substance become gradually broadened and diffused and ultimately, very 
dilute solutions showed only a general low angle scattering around the direct 
beam like that of a gas. This proved that at very low concentration, the mole-
cules of the solutes were completely randomly oriented. From the extent of this 
low angle scattering the smallest average size of the molecules was estimated. 
Krishnamurti9 also studied the mixtures of the liquids such as, phenol, 
trimethyl carbinol, piperidine, pyridine, butyric acid, ethylalcohol, glycerine 
lactic acid with water and mixture of methyl salicylate with cyclohexane in 
different proportions by the x-ray diffraction method. For some of the mixtures, 
the x-ray diffraction patterns were super-position of the patterns of the 
constituent liquids while for others the pattern was a distinctly new one. This 
difference was ascribed to the difference in the attractive forces between the 
different molecules. 
Liquids Obtained from Solids 
Krishnamurti10 investigated the change of solids to the liquid state by x-ray 
diffraction method. The substances studied were (a) amorphous solids, namely, 
resin, shellac and synthetic resin, and (b) aromatic crystalline hydrocarbons. 
In the former case, the spacing corresponding to the haloes increased with 
temperature non-uniformly. The greatest expansion occurred at a definite tem-
perature interval, which was not necessarily near the softening point. In the 
case of the latter group whose crystalline structures were known, comparison of 
the diffraction patterns of the liquid and crystalline powders showed that the 
liquid diffraction haloes corresponded to the thickness of the molecules and to 
the average of the length and breadth of the molecules in crystals. The corres-
pondence of some of the intense x-ray diffraction lines of crystals with the liquid 
diffraction haloes of the same substance was explained by Banerjee.ll He dev-
eloped a detailed theory of x-ray diffraction from liquids by taking into consi-
deration the force of interaction between molecules. Banerjee12 also investigated 
the structures ofliquid sodium-potassium alloys by the x-ray diffraction method. 
The diffraction pattern corresponded to that of the compound Na2K when the 
excess proportion of K or Na was low. As the proportion of Na or K was in-
creased gradually, the peak position of the halo gradually changed from Na2K 
to that of the pure metal when it was in large excess. 
Liquids at Different Temperatures 
X-ray diffraction patterns of a number of liquids, such as cyclohexane, 
pentane, glycerine and a synthetic hydrocarbon resin were recorded at different 
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temperatures by Ramasubramanyan1a. The diffraction rings were found to con-
tract and broaden with the rise of temperature while the intensity of central 
scattering increased. This was explained to be due to an increase in the distance 
between the molecules and increased displacements of the molecules. Such 
studies were extended to a number of other liquids, e.g. ethyl-o-pthalate, o-
nitrobenzaldehyde, benzene, phenol, propionic acid, caproic acid, octane etc. 
by Vaidyanathan14• The scattering at small angles was found to increase with 
increase of temperature. This was explained satisfactorily on Raman and Ram-
nathan's theory2. 
X-RAY DIFFRACTION OF SOLIDS 
Amorphous Solids 
Mahadevan15 examined two important varieties of coal, vitrain and durain, 
by the x-ray diffraction method. Vitrain gave two haloes corresponding to the 
positions of two prominent lines of graphite, indicating that vi train contains a 
complex molecule similar to graphite. Mter a careful study of the x-ray diffrac-
tion patterns of the pyridine extracts of vitrain and dura tin, it was concluded 
that the basic substance in the two are the same though durain contains other 
crystalline materials constituting its ash content. Similar investigations were 
also carried out with fusain, graphitic anthracite, fibrone and non-fibrous peats 
by Mahadevan16• Fusain showed no diffuse scattering between carbon haloes 
and diffraction lines due to ash contents. The graphitic anthracite gave sharp 
haloes and lines indicating that there was no colloidal particle in it. The photo-
graph of ordinary peat indicated the presence of collidal carbon. He also carried 
out x-ray diffraction studies17 of natural resins and fossil resins of different geo-
logical origin. These resins were shown to have similar amorphous structures. 
X-raydiffraction patternsofcarbonobtained from benzene, sugar, C2Cl6, CCI4, 
active charcoal and acheson graphite were studied by Krishnamurtil8. All the 
photographs showed intense low angle scattering and two diffraction haloes. 
The spacings of the haloes, however, differed from sample to sample. It was 
concluded that the carbon atoms in these amorphous carbon samples formed 
clusters which were highly anisotropic two dimensional network. Mahadevan18 
continued the x-ray diffraction study of vi trains by extending it to vitrains of 
different composition and of different geological origins. From the diffraction 
patterns it was concluded that the coal substances were similar in structure 
though there was a difference in the spacings of the haloes from the older and 
newer varieties. The general scattering around the direct beam was due to 
moisture and volatile matter present in coal. The particles of coal and minerals 
present were of colloidal dimensions. 
5 
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Crystalline Substances 
The atomic architecture of crystals also fascinated Raman and he inspired 
his students to pursue investigation on crystal structure of organic compounds. 
Banerjee20 determined the orientation of naphthalene and anthracene molecules 
in the unit cell from the observed intensities of the x-ray diffraction spots of the 
crystals. The optical and magnetic properties of these crystals were shown to be 
in conformity with this structure. Dhar21, following an exactly similar method, 
determined the orientation of biphenyl in the unit cell from the x-ray diffraction 
data of single crystals. From the x-ray diffraction study of irridiscent potassium 
chlorate and of pure crystals, which were heated to a temperature near the 
melting point and then cooled, Sirkar22 showed conclusively that the irridiscence 
was due to the development of twinned parallel strata in the crystals originating 
from heating and subsequent cooling. Finally, an interesting study of the x-ray 
diffraction patterns of biological substances undertaken by Ranganathan23, 
may be mentioned. He studied the x-ray diffraction patterns of calculi, which 
are concretions inside urinary bladder, kidney, gall-bladder etc. The stones in 
urinary bladder and kidney showed two diffraction rings corresponding to two 
prominent lines of crystalline uric acid whereas the patterns of pigmented and 
non-pigmented gall stones showed lines which corresponded to the diffraction 
lines of cholesterol. Thus the calculi were proved to be crystalline substances 
whose major constituents were either uric acid or cholesterol. 
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CHAPTER THREE 
THE PERIOD OF PROFESSOR K. S. KRISHNAN AND 
OTHERS: 1933-1948 
Historical Survey 
I. THE KRISHNAN PERIOD (1933-1942) 
WHEN Professor C. V. Raman left Calcutta to join the Indian Institute of 
Science, Bangalore in 1933 as its first Indian Director, a whole time research 
professorship with power of administration over Research Laboratories, Library 
and Workshop, under the name Mahendra Lal Sircar Professor of Physics was 
created at the Association by combining donations from Raja Veharilal Mitra 
with the Mahendra Lal Sircar Memorial Fund and other funds. This action of the 
Association partially fulfilled the long cherished desire of the Founder, to esta-
blish full time research professorships. 
The choice of the first appointment to the professorship fell on Dr. K. S. 
Krishnan, who had collaborated with Professor C. V. Raman in his celebrated 
works on molecular physics, Raman effect, magneto-and electro-optics. Profe-
ssor Krishnan joined in 1933 and started work on crystal magnetism with 
both dia-and paramagnetic systems. This phenomenon was first investigated 
by Faraday (who used to call it magne-crystallic action) but its great 
importance <;Uld implications in crystal physics were not felt till Krishnan 
revived the interest in the subject. Apart from this line, work on Raman effect, 
crystal optics, X-ray crystallography and absorption spectra were also continued. 
The publications at that time from the Association on crystal magnetism drew 
the attention of the scientific world and its great fundamental importance in 
elucidating crystal structure and energy states was soon realised. International 
recognition came to Professor Krishnan for his work and he was elected to the 
Fellowship of the Royal Society of London in 1938. In these research activities 
he received very active collaboration from S. L. Banerjee, A. Mookherjee, A. 
Bose, B. C. Guha and N. C. Chakravarty. Professor Krishnan, in collaboration 
with A. Bose, was also the pioneer in India to start work on low temperature 
physics and cryogenics. 
In addition to these, Krishnan, in collaboration with N. L. Ganguly, 
W. J. John, P. K. Seshan, S. C. Ganguly, D. C. Chakravarty and others, star-
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ted a line of investigation in which very few laboratories of the world were then 
interested namely, the study of conduct~ng solids (semiconductors and semi-
metals) and the effect of doping on the optical properties of crystals of condensed 
benzene ring compounds. It is thus seen that many of the present day 
investigations on solid states were already initiated some forty years ago by 
Professor Krishnan. His works on graphite and other natural mineral specimens· 
in collaboration with N. L. Ganguly, W.]. John, A. K. Dutta and others are 
still regarded as the most fundamental and reliable ones. 
There were some changes in the administration of the Association in 
1935. That year, the Government of India laid down a condition to its grants 
that a representative of the Government should be provided with a seat in the 
Managing Committee. 
2. A PERIOD OF TRANSITION (1943-1948) 
In 1942, as a precautionary measure against the threat of air raid, part 
of the library consisting of rare books and journals and some of the valuable 
apparatus were removed from Calcutta to a safer place at Nadia. Professor 
Krishnan left the Association the same year and joined the professorship at the 
Allahabad University. When the books and journals and the laboratory equip-
ments were later brought back to Calcutta, research associates of Krishnan 
resumed their work on crystal magnetism and other problems. Pending the 
selection of Mahendra Lal Sircar Professor, Dr. S. C. Sirkar was appointed 
temporarily as a Reader in Physics in 1943 to look after the laboratory, work-
shop and library. Dr. K. Banerjee, Reader in Physics, University of Dacca, was 
offered the M.L.S. Professorship and on joining the post in 1943, he initiated 
studies on the crystal and molecular structure of organic substances, extra 
Laue reflections from crystals, glass and fibres, coal and minerals, and low angle 
scattering of X-rays. Dr. Sirkar, who later succeeded Prof. Banerjee as the 
M.L.S. Professor, and others carried out work on Raman and flourescence 
spectra and X-ray analysis of jute fibres. 
Towards the end of this period, Professor P. Ray became the Honorary 
Director of the Association. During this period, when the World War II was 
drawing to an end and India1was on the threshold of attaining independence, a 
need for reorganizing work 'of the Association was felt. The Association was 
fortunate to have as its President, Professor Meghnad Saha, who set out to 
draw a new development plan for the Association. Soon after the indepenence 
in 1947, the history of the Association entered a new phase. 
Research Activities 
Research interest in solid state physics at the Association was initiated 
by Raman, by the study of structure of crystals as well as of their magnetic 
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and optical properties. Krishnan took up the systematic investigation of 
magnetic and other relevant properties of crystals, both insulating and conduct-
ing. In the field of insulating solids the main work was on the magnetic studies 
of diamagnetic and paramagnetic crystals. There were some spectroscopic 
studies also during this period. In case of conducting solids the work was extended 
to the study of electrical as well as thermal transport properties in addition to 
the magnetic properties. Structural studies on various aspects of solid state 
behaviours were also continued from the very beginning of the period. In order 
to extend these investigations to different low temperatures, various cryogenic 
appliances were also developed. 
The major research works carried out during this period may be broadly 
classified under the following sections: 
(i) CRYSTAL STRUCTURE 
The determination of the atomic architecture in crystals initiated by 
Raman as early as 1926 was continued with intense vigour during this 
period. 
The atomic coordinates of the atoms of di-benzyl in the unit cell of its 
crystal were determined1 from the observed intensities of the X-ray diffraction 
spots in the rotation and oscillation photographs by the method of trial and 
error. The unit cell dimensions and space group of pyrene crystal were 
determined2• The orientation of the molecule supposed to be planar was also 
suggested from the observed relative intensities of the diffraction spots. From 
the similar studies of the X-ray diffraction patterns of single crystals of hexa-
cthylbenzene the axial lengths were derivcd3 . It was shown that the single 
molecule contained in the unit cell lie parallel to (001) face when the molecule 
is supposed to be planar. From similar studies the unit cell dimensions and 
space group of KHC03 were determined4 • The positions of the planar C03 
group and the potassium atom in the unit cell of this crystal were also located. 
The unit cell dimensions and space groups of the crystals of I, 3, 5-trinitro-
benzene, chloranil, and bromanil were determined5-7 from the rotation and 
oscillation photographs of these crystals. A new orthorhombic modification of 
the crystals of diphenyloctatetraene was identified8• The unit cell dimension of 
the crystal was evaluated from the rotation photographs of the crystal. 
Apart from these X-ray diffraction studies of crystals, the orientation of 
planar molecules in the unit cell was also determined from magnetic measure-
ments. The magnetic susceptibilities of a single crystal in different directions were 
related to the orientation of planar molecules and groups of atoms in the unit 
cell. Hence, from magnetic susceptibility values along the principal magnetic 
axes, the orientation of the molecules in the unit cell of a crystal can be deter-
mined. This method was utilised to determine the orientation of the molecules: 
in the crystals of I :2, 5:6 diphenanthracene9• Similarly the molecular orienta-
70 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
tion in both the monoclinic and orthorhombic crystals of triphenylene was 
derived10• 
, 
(ii) X-RAY DIFFRACTION STUDIES OF LIQUIDS 
X-ray diffraction studies of liquid mixtures of benzene and ethylpthalate, 
m-xylene and ethylpthalate, m-xylene and acetic acid, acetic acid and ethyl-
benzene were carried outu. The diffraction pattern was not the superposition 
of the patterns of individual liquids but a new one. This showed that new 
types of molecular groups were formed in the mixtures by the combination of 
the two types of molecules. 
(iii) CRYSTAL MAGNETISM 
The work on crystal magnetism at the Association was initiated by 
Krishnan. During the preliminary years, work of Krishnan and his collaborators 
was confined mainly to the study of the crystalline and molecular diamagnetic 
properties of a large number of inorganic and aromatic organic compounds12- 21 
and finding a correlation between them, though in complicated cases the 
correlation was not unique. In many cases the orientations of the molecules 
in the unit cell could be calculated with a high degree of precision from purely 
magnetic data, which could be of immense help in refined x-ray analysis of the 
crystal structure19- 22. 
A large number of single crystals of iron group salts, particularly the 
isomorphous Tutton salt series of CuZ+, Ni2+, Co2+ and Fe2+ were studied23-28 
to test the validity of simple Langevin-Debye law of ideal paramagnetics, 
x=i· However, for a magnetically diluted crystals there are deviations from 
this law and the paramagnetic behaviour can be better represented by the 
empirical formula: 
denoting the three principal tensor~ directions of the crystal. The formula pre-
dicts a temperature independent term, a Curie term. and a Weiss term; the 
first and the last terms showing the deviation from ideal Curie law. Moreover, 
each term is anisotropic as is to be expected in an internal field of less than 
cubic symmetry. Van Vleck's crystalline electric field theory, which includes 
high frequency interaction between the ground and the excited states of para-
magnetic ion, could explain all the features . 
Krishnan and his students developed the 'critical couple' method for sensi-
tive and accurate direct determination of magnetic anistropyH combined with 
THE PERIOD OF PROFESSOR K. S. KRISHNAN AND OTHERS 71 
a mixed liquid bath method of compensating shape anisotropy. This led to the 
first determination of the feeble magnetic anisotropy of the s-state ions Mn2+, 
Fe3+ and Gd3+, in the single crystals29- 33, confirming the adiabatic demagnetiza-
tion experiments of de Haas, Gorter, Giauque and others and the configurational 
admixture theory of Van Vleck and Penney. 
Krishnan and his collaborators measured the anisotropies of a number 
of pure rare-earth salts34 ofCe3+, Pr3+, Nd3+ and Sm3+. They made a complete 
analysis of the crystalline susceptibility ellipsoid of the triclinic crystals of 
CuS04 5H20 and CuSe04 5~0, using a method of stereographic projection 
and its correlation with the ionic ellipsoid35- 39 • They also demonstrated quantita-
tively the inversion of Stark pattern of tetrahedrally coordinated blue Co2+ 
salts C~CoC14 and Cs3CoCl5 with respect to that of the usual octahedrally 
coordinated red salts26• 
The work was extended to the study of crystals at low temperatures, where 
the crystalline field effects become more prominent as agarnst the disturbing 
effects of thermal motion . In this direction an automatic liquid oxygen cryostat 
\vas designed40 with an accuracy of regulation of 0·1 °K temperature at any 
desired temperature in the range 300°K to 80°K, and a very sensitive quartz 
fibre microbalance for measuring magnetic susceptibility of single crystals was 
fabricated. 
(iv) SoLID STATE SPECTROSCOPY 
Krishnan gave a theory to explain the two absorption bands ofthe nitrates 
and attributed the two bands to the photo-dissociation of the nitrates into the 
corresponding nitrite and an oxygen atom in the normal and in the excited 
state respectively41-43•47• The theory was also applied to the single crystals of 
sodium and potassium nitrates where light polarised in the plane of N03 
ions are much more photo-chemically efficient. Krishnan and his collaborators 
also took up the study of absorption and fluorescence spectra of aromatic 
molecules of structural interest in the vapour state in the region 7000 A to 
2200 A 4hl6· 52- 57 • Most of these compounds are polybenzenoid nuclear com-
pounds containing condensed chain, and incomplete ring systems in the mole-
cule. The compounds studied were plane condensed ring hydrocarbons, anthra-
cene, phenanthrene, chrysene, naphthacene etc. They all exhibit strong polarised 
absorption and fluorescence; they are excited only by the component of the 
electric vector that lies in the molecular plane and when so excited the fluore-
scence oscillator also lies in the plane of molecule. One interesting finding 
was that pure naphthacene fluoresces very feebly whereas dilute solution of 
naphthacene in anthracene fluoresces strongly and fluorescene of anthracene is 
quenched. Krishnan and co-workers also studied the spectrum of rare-earth 
and transition metal salts50,61. 
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(v) INVESTIGATIONS oN CoNDUCTING Souvs 
Investigations on the magnetic properties of aromatic compounds and the 
important findings therefrom led Krishnan to the study of the properties of 
graphite and then in general of the properties offree electrons in solids. Krishnan 
with his collaborators started the work on graphite by determining its dia-
magnetic susceptibilities along the different axes58 •69• They observed abnormally 
large diamagnetic susceptibility along the hexagonal axis (Xu"'-22 x 10-s 
per gm.) and a feeble diamagnetism along the perpendicular direction (X..L,....., 
0·5 x J0-6 per gm.). From intensive studies on the remarkable magnetic pro-
perties of graphite and graphitic oxides it was made clear that the abnormal 
diamagnetism is due to the presence of one metallic electron per carbon atom, 
the three other valence electrons being utilised in forming bonds with three 
carbon atoms in the hexagonal plane. When this electron is utilized in forming 
bonds by oxidising graphite, or chemically treating graphite with alkali 
vapours, a copper coloured metallic looking alloy with graphite is formed and 
the susceptibility along hexagonal axis comes down to 2 X I 0-6 per gm., but 
the susceptibility perpendicular to the c-axis remains unaffected ( -0·5 x 1 o-• 
per gm.)so.u. They also observed the effect of temperature on the magnetic 
susceptibility and anisotropy of the crystal and here also they found that while 
in the range 12 73 °K to 90°K XII changes from -8 X I o-s per gm. to -40 X 
I0-6 per gm., the X..L changes very slightly62, 63• From these studies it was found 
that the degeneracy temperature of graphite was very low and it was therefore 
an ideal crystal for verifying Landau's theory of diamagnetism. From a similarity 
of the basic structure of graphite with aromatic molecules it was suggested that 
the presence of double bond is improbable from the consideration of energy 
minimum and that these electrons are also mobile. Other electronic properties 
of graphite (highly anisotropic electrical conductivity and specific heat) were 
then studied and the following important conclusions were drawn 6U8: 
(I) The number offree or mobile electrons is one per carbon atom; (2) the 
effective mass of these electrons for motions in the basal plane is practically 
their free mass showing that the movements of the electrons are unaffected by 
lattice field; (3) for movements along the normal to the plane their effective 
mass is enormously greater showing that their motions along this direction are 
severely affected by lattice field and; ( 4) up to a temperature of 308 K practically 
the whole of the observed specific heat should be attributed to its free electrons. 
These very important findings of the properties of graphite due to free 
electrons made Krishnan interested in the study of the properties of free electrons 
in solids in general. He with his collaborators then took up the studies of the 
properties of bismuth•7, antimony, some minerals of pyrite and marcasite 
series and also of thin film72 • From a study of the single crystals of spectroscopi-
cally pure bismuth in the neighbourhood of the melting point, they found an 
abnormal diamagnetism along the hexagonal axis and that this diamagnetism 
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undergoes an abrupt transition from the abnormal value of the solid state to 
the normal value of the liquid state within 1 o of the melting point. This is, how-
ever, not the case with ordinary pure bismuth. Antimony was found to have 
a magnetic symmetry axis and a high magnetic susceptibility along that axis. 
The susceptibility was found to exhibit a strong temperature dependence 
except at very low temperature where it became constant. Along the directions 
perpendicular to that axis the susceptibility was independent of temperature. 
As in the case of graphite, this is evidently due to electrons whose movements 
are free in symmetry planes but restricted along that axis. A feeble paramagne-
tism was observed in 'pyrite' and 'marcasite' series of minerals and were sup-
posed to arise from the spin moments of the free electrons present in them. 
Later workers continued the study of magnetic and electrical properties of 
molybdenite crystals at high and low temperature and arrived at the following 
conclusions&s-n : 
(1) There is one electron per sulpher atom to move in the Sulpher plane. 
(2) In MoS2, carriers consist of both electrons and ions. (3) At high temperatures 
the conduction is predominently electronic. (4) Energy gap (D,E) obtained 
from electrical measurements agrees well with that obtained from magnetic 
measurements. 
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CHAPTER FOUR 
POST-INDEPENDENCE PERIOD: 1947-1976 
Historical Development 
.A..s mentioned in the brief history of this Institute in the preceding two 
chapters, the Indian Association for the Cultivation of Science developed into 
a centre of research mainly in physics during the period from 1907 to 1933 by 
Professor C. V. Raman and was consolidated during the ensuing decades by 
Professor K. S. Krishnan, and Professor K. Banerjee till a new development 
plan was given to shape in 1946. 
NEw DEVELOPMENT PLAN 
The remarkable and striking achievements of science during and after the 
World War II brought radical changes in the methods of scientific research. 
Until then, methods and techniques which traditiona lly centered round indi-
Yidual workers proved increasingly inadequate as science assumed the character 
.New Rmarch Buildi11g 
76 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
of co-operative and multidisciplinary character. The scientific research became 
costly, depended more and more on highly sophisticated equipments, the high 
cost of which demanded careful planning for successful and optimal utilization 
oflimited resources. The Committee of Management of the Association during 
1943-1946 also realized the supreme need of re-organizing the activities of the 
Association so that it might play an increasingly important part in the topical 
problems of scientific research in the post-war period. The Committee very 
rightly felt that it must not be satisfied with any plan of mere rebuilding and 
extension of the laboratories or of improvement of its equipments, but that the 
planning must recognize the new trends in scientific research. The plan ulti-
mately formulated by the Committee early in 1946 envisaged the creation of an 
active research school where the problems of molecular structure would be 
investigated by the concerted team-work of a band of physicists and chemists. 
In addition to fundamental studies in X-rays, Optics, Magnetism and Raman 
effect in which the Associaion had specialized over the earlier years, the plan 
also proposed to include investigations in the physics and chemistry of high 
polymers, a field of research which had attained enormous scientific and indus-
trial importance. It sought to create the following six research departments; 
(1 ) General Physics, X-rays and Magnetism, (2) Optics, (3) Theoretical Physics, 
(4) Physical Chemistry, (5) Organic Chemistry and (6) Inorganic Chemistry, 
each under a Professor or a Reader to be assisted by different categories of 
scientific, technical and supporting staff. 
While these plans were being formulated it was realized that the scientific 
research has to play an integral part in national and international activity 
in the world faced with colossal problems of post-war reconstruction and 
development. In India on the threshold of independence, the development of 
science and technology became a matter of national urgency. It was very rightly 
t·ecognized by our National Government that such researches alone can en-
sure the security of a country in war and its prosperity in peace. The Committee 
of Management of the Association had also kept it in view that the future 
programme of work of the Association must necessarily be planned in conso-
nance with the general plan of research enterprise in India, and the scope 
and functions of its line of researches should be such that the results achieved 
would find application in the study of subjects of national importance. During 
this exciting transition period, the Association was fortunate to have as its 
president Professor Meghnad Saha, architect of many scientific organisations 
in India and a firm believer in the important role of science in the national 
development plan. He steered the implementation of the development plan 
of the Association with all his natural vigour and enthusiasm. Since the old 
building and space available at 210 Bow Bazar Street, Calcutta, proved in-
adequate, plans were accordingly made for the acquisition of a large plot 
of land and construction of a new building at an estimated capital cost of 
Rs. 30,25,000/-. 
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NEW CAMPUS AT jADAVPUR: FIRST PHASE OF DEVELOPMENT. 
In 1947, the Government of India provided with an annual recurring 
grant of Rs. 2,66,700/- towards implementation of the new plan and during 
the ensuing four years the Association established the six research depart-
ments as envisaged in the development plan. The grant was gt'adually increased 
as the development plans progressed. Later on, the Government of West Bengal 
agreed to provide matching recurring and non-recurring grants, in the ratio 
of 1 to 6 and 1 to 2 of the respective Central Government grants. Each 
research department was in charge of a Professor or a Reader and was 
staffed with lecturers, technical officers, assistants, and senior and junior 
scholars. The library which had perhaps one of the best collections of scientific 
journals pertaining to physical sciences in India, was considerably expanded. 
The workshop was also substantially developed. 
The building plan of the Association materialized through the handsome 
grants ofRs. 4·32 lakhs by the Government oflndia, Rs. 7lakhs by the Govern-
ment of West Bengal, and an interest free loan ofRs. 5·8lakhs from the Govern-
ment of India. Later on, a sum of Rs. 7 lakhs was obtained from the sale pro-
ceeds of the old building of the Association at 210 Bow Bazar Street. A plot 
ofland covering nearly 9·54 acres (29 bighas), opposite to theJadavpur Univer-
sity campus and near the Central Glass and Ceramic Research Institute, 
was acquired in 1947. The Foundation Stone of the laboratory building of 
the Indian Association for the Cultivation of Science was laid at this site on 
Sunday the 26th September, 1948, by Dr. B. C. Roy, Chief Minister of West 
Bengal. A respectable gathering of distinguished scientists, representatives of 
local Industry and the elite of the town attended the function. Dr. Shanti 
Swarup Bhatnagar, the then Secretary of the Government of India, Depart-
ment of Scientific Research came from Delhi to join the celebration. Messages 
of goodwill were received from all parts of India from different persons, in-
cluding the Governor-General, Prime Minister Pandit Jawaharlal Nehru, 
Sardar Vallabhbhai Patel, Dr. Syamaprasad Mookerjee, Sardar Baldev 
Singh, Shri Jairamdas Doulatram, Shri N. Gopalaswami Ayyangar, Maharaja 
of Coochbehar, Vice-Chancellors of the Universities of Allahabad, Benaras, 
Bombay, East Punjab, Madras and Utkal, Dr.]. C. Ghosh, Dr. S. K. Banerji, 
Shri E. V. Ganapati Iyer, Col. S. S. Sokhay, Dr.]. W. Whitaker, Sir Ardeshir 
Dalal, Dr. B. Sanjiva Rao and others. Prime Minister Nehru in his message said: 
"On the occasion of Foundation Stone of new buildings for the Indian 
Association for the Cultivation of Science being laid I send you and 
your A~sociation my good wishes. The Association has a fine record of 
past work in the field of Scientific Research. May it excel this in future." 
Professor M. N. Saha, President of the Association, presided over the func-
tion. Justice C. C. Biswas, a Vice-President and Trustee of the Association 
and Professor P. Ray, Honorc>.ry. Director of the Association were also present at 
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the ceremony. The construction of the laboratory building was taken up early 
in 1949, and by the end ofl950 the ground floor, the Assembly Hall, the Library, 
the Workshop, the Cryogenic Laboratory and several minor construction 
works were completed. The Laboratories, Library, and the Workshop were 
shifted in stages to the new building since the beginning of 1951 and were made 
ready in good working order by the end of the year for the august visit of 
Prime Minister Jawaharlal Nehru in January, 1952. 
From the year 1951 the six research departments, the library, the work-
shop and the administrative office continued to function actively in the new 
building of the Association at Jadavpur. In 1952, the Government of India 
sanctioned the post of a whole-time salaried Director, which was offered to 
Professor M. N. Saha. He joined the Association on January I, 1953 in 
succession to Professor P. Ray, who had been acting as an Honorary Directm: 
of the Association since 194 7. The Association was also fortunate to receive 
the valuable services of Professor Ray as its first Professor in Inorganic 
Chemistry. 
Soon after the assumption of his office, Professor Saha set about the Her-
culean task of equipping the laboratories with research apparatus and in-
struments which were necessary to continue work in the rapidly developing 
fields of fundamental researches in Physics and Chemistry. Hitherto the 
Association had received capital grants towards construction of the laboratory 
buildings, but little or nothing for equipping the laboratories along modern 
lines. The building programme of the Association as originally planned in 
1946, could also be carried out only partly by the end of 1952-53. Pursuant 
to a memorandum giving details of the Association's original plan of develop-
ment with the financial implications, which was accepted in 1946 by the 
Governmentoflndia, the Association was asked by the Government to prepare 
a Five-Year Plan of the Association. 
A plan submitted to the Government of India was subsequently revised 
in view of the reduction in the available resources. The revised Five-Year 
Plan of the Association which coincided with the Second Five-Year Plan 
period of the Government of India, envisaged non-recurring expenditure of 
Rs. I 7.23 lakhs on building and Rs. 21·40 lakhs on staff, laboratory, workshop, 
and library and general charges covering the years 1956-61. 
During this important transition period the Association suffered a grievous 
loss at the sudden and untimely death, at Delhi on February 16, 1956 of 
Professor Saha. From 1938, after his return from Allahabad to Calcutta as 
Palit Professor of Physics at the University College of Science, he began to 
take a more lively interest in the affairs of the Association. He was elected 
Honorary Secretary, Vice-President and later on President. It was during 
his tenure of office as Secretary, Vice-President and President that the Council 
of the Association formulated development plans of the Association to which 
he gave practical shape with his characteristic energy and drive. It was 
POST-INDEPENDENCE PERIOD 79 
mainly through his effort that funds were secured from the Government of 
India and the Government of West Bengal for purchase of land and construc-
tion of building at Jadavpur. It was, again through his persuasion that the 
Government of India's annual recurring grant was raised from Rs. 20,000 per 
year to over Rs. 500,000 by 1955. Since 1953, as the full-time Director till the 
day of his death, he worked ceaselessly for the consolidation of the first phase 
of development of the Association and completed plans for the second phase 
of its development. In short, Professor Saha gave a new outlook and purpose 
to the Association in consonance with the new role that he envisaged for 
science in society and in the state. Thus, it was largely through his efforts that 
the dream of late Dr. Mahendralal Sircar, the founder of the Association, of 
making it a leading research institution was realized. 
SECOND PHASE OF DEVELOPMENT 
Mter the death of Professor Saha, Professor P. Ray was appointed officiat-
ing Director of the A~SQciation in which capacity he continued till the end of 
1958. Professor S. C. Sirkar, the then M.L.S. Professor of Physics, succeeded 
Professor Ray as the acting Director. 
The continuance of the economy drive of the Government of India forced 
the Association to curtail some of its development plans included in the Second 
Five-Year Plan. In fact, in the entire plan period of 1956-61, actual receipts 
fell far short of the provisions made in the Budget estimates prepared accordmg 
to the Five-Year Plan and submitted to the Government of India. This led to 
only partial fulfilment of the development of th~ research activities of the 
Association as envisaged in the plan. 
During the year 1956-57 a new Department of Magnetism was curved 
out from the parent department of General Physics, X-rays and Magnetism. 
The Department of Applied Polymers, later on renamed as Macromolecules, 
was created in 1957-58. The construction of the first floor of the main research 
building, undertaken towards the end of 1956-57, was completed during this 
plan period. The first floor of the workshop building was also completed and 
housed the newly created Department of Macromolecules during the Second 
Plan. 
First Reviewing Committee: At a Special General Meeting of the Association 
in November 1958, a Reviewing Committee was appointed to review its work 
and to make recommendations on the plans of expansion and developments 
of scientific research activities of the Association in all its existing departments 
keeping in view the main objective and tradition ofthis Institute of carrying 
out fundamental research. The Committee was constituted as follows: (i) Sir 
Harry Melville, F.R.S., Secretary, Department of Scientific and Indu.strial 
Research, U.K. (Chairman), (ii) Professor M. S. Thacker, Director General, 
Council of Scientific and Industrial Research, New Delhi, (iii) Professor K. S. 
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Krishnan, F.R.S., Director, National Physical Laboratory and National 
Professor, (iv) Professor D. S. Kothari, Head of the Department of Physics, 
Delhi University and (v) Professor K. Banerjee, Head of the Department 
of Physics, Allahabad University (Secretary). The Committee met in January, 
1959 and submitted a report which was considered by the Council of the 
Association at its meeting held in March, 1959 and by a Special General Body 
Meeting of the Association held in May, 1959. In its general remark the Com-
mittee stressed the fundamental character of the Association as: 
"The tradition of the Association is to continue to undertake pure 
research. It is felt that this should continue. Therefore, conditions of 
work and an atmosphere must be developed to maintain this tradition." 
Steps were taken to implement gradually the more urgent matters incorporated 
in that report in the existing set up of the Association. 
Professor K. Banerjee, who had a record of distinguished services to the 
Association as the M.L.S. Professor of Physics, assumed the Directorship of the 
Institute by the end of 1959. 
Following a request from the Government of India in 1959-60 the Associa-
tion prepared and submitted its proposals on development and expenditure 
during the Third Five-Year Plan period, 1961-62 to 1965-66. An initial plan 
proposal for a sum ofRs. 1,38,11,336/- apportioned between the Government 
of India and the Government of West Bengal was later reduced and revised 
according to an indication from the Government of India to a sum of Rs. 80,71, 
3 79/- and Rs. 16,51 ,386/- as the shares from the Government oflndia and the 
Government of West Bengal respectively. The actual receipts during the Third 
Plan period from the Government ofT ndia and the Government of West Bengal 
in the background of this ·proposal were Rs. 68,06,963/- and Rs. 14,68,305/-
respectively. Thus, the national emergencies of 1962 and 1965 obliged the 
Association to introduce severe cuts in its budget estimates and lag behind prog-
ressively from the plan targets. For a greater part of the plan period most of the 
new posts provided for were held in abeyance, and expenditures on all items 
reduced as far as possible. Considering the inflationary trends during this period 
not much development could be achieved in the Third Plan beyond making up 
of the short-falls of the Second Plan and consolidation of the activities proposed 
in that plan period. 
The Central Scientific Services Section was started during the Third 
Plan period with the purpose of providing centralized facilities of various 
sophisticated and costly equipments to the different research departments. 
Facilities for the Director's research was separated from those of the Central 
Scientific Services. During this plan period a long needed hostel was also cons-
tructed within the campus with an accommodation capacity of about twenty 
research Fellows of the Association. 
By the end of 1965 P~ofessor K. Banerjee retired from the post of Director 
and Professor B. N. Srivastava, Head of the Department of General Physics 
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at the Association was appointed as the Acting Director. He continued in this 
office up to the end of 1968 when the present Director, Professor D. Basu, Head 
of the Department of the Theoretical Physics, succeeded him o; t January 1, 1969. 
Second Reviewing Committee: In June, 1968, the Union Education Ministry 
appointed the Second Reviewing Committee to review the activities of the 
Association during the period 1958-68. The final Committee consisted of the 
following members, (i) Professor R. C. Majumdar, Pro-Vice-Chancellor, Delhi 
University (Chairman), (ii) Dr. R. Ramanna, Head of the Nuclear Physics 
Division, Bhabha Atomic Energy Centre, Bombay, (iii) Professor R. C. Mehrotra, 
Head of the Department of Chemistry, University of Rajasthan, Jaipur, (iv) 
Professor N. R. Tawde, Vice-Chancellor, Marathwade University, Aurangabad, 
and (v) ProfessorS. K. Bhattacharyya, Head of the Department of Chemistry, 
Indian Institute of Technology, Kharagpur. The Committee held a number 
of meetings in Calcutta and Delhi during 1969-70 and submitted the report 
to the Government of India in 1970 which was approved by the Government of 
India. The report was received by the Association in 1971 and was placed 
before the Council of the Association for consideration. Since then the Council 
and the General body of the Association have adopted a number of amendmentS 
and alterations to the Regulations and Bye-laws of the Association based upon 
the various recommendations of the Reviewing Committee, and a special Com-
mittee appointed by the Council. 
The Fourth Five-Year Plan of the Association was first drafted and sub-
mitted to the Government of India in 1964, mainly with a view to strengthening 
those research subjects in which a good degree of success had been already 
achieved and also to initiate new lines of research in a few chosen rapidly 
growing modern fields, particularly of inter-disciplinery type. The total size 
of the plan in financial terms was Rs. 3,24,93, 781/- which was revised in 1968, 
keeping the original projects unaltered and taking into consideration increased 
price structure of scientific instruments and equipments, various materials, 
and revised rates of allowances. The total revised estimate came to 
Rs. 3, 76,66,021/- with the Government oflndia share at Rs. 2,89,93,579/- and the 
Government of West Bengal share at Rs. 86,72,442/-. In July, 1968 a Working 
Group set up by the Government of India recommended, among others, an 
annual Plan growth by 25% of the amount provided by the Government of 
India for plan expenditures during 1968-69 taken as the base year. For Non 
-Plan expenditures an annual increase by 3·5% of the amount provided during 
1968-69 taken as the base year, was allowed. In accordance with these 
recommendations and also on the basis oflater discussions with the Government 
of India the Plan proposals were reworked to a total financial requirement 
of Rs. 2,29,90,053/- including the Non-Plan establishment and the Plan 
development, with the Government of India's shareRs. 1,79,91,764/- and the 
. -
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to 1973-74 were Rs. 13,86,835/- and Rs. 2,31,141/- in the recurring and Rs. 
9 lakhs and Rs. 4 lakhs in the non- recurring accounts respectively from the 
Government of India and the Government of West Bengal. The economy 
measures had to be enforced in the wake of the war in Bangladesh during 
this plan period and this again led to the curtailments of some of the 
Fourth Plan projects as well as the projects taken up from the Third Plan. 
During this period, the long standing difficulties in the setting up of the 
scales of pay of the non-academic and academic staff were settled. Also, 
some of the basic analytical instruments such as, a 60MHz NMR Spectro-
meter, a grating Infrared Spectrometer, an Analytical Gas Liquid Chromato-
graph and an Analytical Ultracentrifuge were procured. A liquid nitrogen 
plant was also purchased and commissioned during this period. 
THE PRESENT STAGE 
The Association, through the Five-Year Plans, had always endeavoured to 
keep abreast of the modern trends in research. In spite of many unforeseen 
difficulties during these plan periods substantial progress was made in many 
fields of research. 
In 1973, the Association formulated the Fifth Five-Year Plan proposals 
for the years 1974-75 to 1978-79 keeping in view the fact that to put this 
Institute at the forefront of scientific research, it would be necessary to make 
a large investment in personnel and modern equipments during this Plan 
period. The initial proposal submitted to the Government of India in May 
1973, envisaged a capital expenditure of Rs. 17,154,000/- and a recurring 
expenditure ofRs. 65,13,000/- during the Plan period. A Committee appointed 
by the National Committee for Science and Technology at its meeting held 
on June 29, 1973 had preliminary discussions regarding the activities of the 
Association with special reference to the programmes which this Institute would 
take up during the Fifth Plan period. To examine in details the various pro-
grammes drawn up by the Association, a team consisting of the following 
members visited the Association in August, 1974: (i) Professor C. N. R. Rao 
(Chairman), (ii) Dr. V. G. Bhide, (iii) Dr. Nitya Nand, (iv) Dr. A. K. Rao 
and (v) Dr. R. D. Deshpande. They discussed in details with the Director and 
the Academic Members of the Association and forwarded their recommendation 
to the Department of Science and Technology the Government of India. The 
Committee was generally of the view that the reorientation of the research 
activities of the Association was necessary so as to enable the Association 
to achieve excellence in chosen fields during the Fifth Plan. In accordance 
to their recommendation the original Fifth Plan projects have been revised, 
reoriented and are being pursued. During the first year of the Plan (1974-75) 
Government of India allocated Rs. 5,00,000/- for the recurring (Plan), Rs. 
21,66,000/- for the recurring (Non-Plan) and Rs. 7,00,000/- for the non-recurring 
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(Plan) expenditures. The grants received from the Government of West 
Bengal during the period are Rs. 1,80,000/- for recurring (Non-plan) and 
Rs. 41,666/- for recurring (Plan). 
Since the Third Plan Period, in addition to the Director's Research Unit, 
the following research departments have been fully active: (i) General Physics 
and X-rays, (ii) Magnetism, (iii) Optics, (iv) Theoretical Physics, (v) Physical 
Chemistry, (vi) Organic Chemistry, (vii) Inorganic Chemistry and (viii) Macro-
molecules. 
The service departments on the technical side include a good workshop, 
the Central Scientific Services which houses sophisticated equipments 
required by more than one department, and a well-organised library having 
about 30,500 volumes of books and journals. 
The Association has been brought into the main stream of the nation's 
five-yearly planned development as far as fundamental research in Physics 
and Chemistry is concerned. The growth of staff and laboratory space have 
taken place in a systematic way. The total assets on account of land and buildings 
now stand at Rs. 41·88 lakhs, instruments and equipments at Rs. 66·06 lakhs 
and books and journals at Rs. 18·88 lakhs. The annual recurring and non-
recurring expenditures are approximately to the tune of Rs. 35 lakhs and 
Rs. 10 lakhs respectively. During the period 1947-75, 315 scholars have received 
their doctorate degrees in science, and over 2000 research papers have been 
published in learned scientific journals of India and abroad as a result of 
research work carried out in its laboratories. 
A Brief History of the various research Departments and an Outline 
of Research Activities 
The eight research departments mentioned above and Director's Research 
Unit represent broad areas of physical and chemical researches. Some specific 
lines of work pursued have been briefly outlined under the respective heads. 
DIRECTOR'S RESEARCH 
A research unit for the Director to carry out researches in his own field 
of interest started sometime after Professor K. Banerjee joined the Association 
as its Director. Initially he began his work by utilising the facilities and equip-
ments available in the Central Scientific Services in the investigations of pro-
blems related to crystal structure by X-ray technique. During 1962-63, the 
Council of the Association decided to provide separate facilities for the Director's 
Research and made available some research staff and fellows. 
Professor B. N. Srivastava, who worked as the Acting Director, after the 
retirementofProfessor Banerjee, from the end of 1965 to 1968, continued his 
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research work in the field of transport phenomena, low temperature physics etc. 
by utilising the facilities of the Department of General Physics and X-rays, of 
which he was the Professor and Head since 1953. 
Under the present Director, the research workers of this unit are engaged 
in carrying out theoretical investigations in the fields of atomic scattering, 
nuclear physics and cosmic radiation. 
GENERAL PHYSICS & X-RAYS 
Work on the properties and structure of matter, X-rays and magnetism has 
been continued for a long time ever since the time of Professor Raman and 
Professor Krishnan in the old Laboratory of the Association, then called the 
'Vizianagram Laboratory'. The name "Department of General Physics, X-rays 
and Magnetism" was adopted in 1953 since Professor B. N. Srivastava joined 
as the Head of the Department. In 1956, the Magnetism Section was developed 
into a new department, and the old department continued under the name 
General Physics and X-rays. The major fields of research in the department 
of General Physics and X-rays are structure of organic crystals, X-ray diffraction 
study of alloys, low temperature physics, transport properties of gases, atomic 
and molecular collision processes, intermolecular forces, statistical mechanics and 
properties of thin films etc. 
MAGNETISM 
The Department of Magnetism, as stated in the foregoing section, was 
started in 1956 under Dr. A. Bose, first as a Reader and later as the Professor, 
who was associated with Professor Krishnan from his early days in the Associa-
tion and retired in 1975 after a long and valuable service to this department. 
The research workers in the field of magnetism are engaged in the investi-
gations of solid state materials (para-, dia- and ferro-magnetic) both non-
conducting and conducting and cryogenics. 
OPTICS 
Researches in optical spectroscopy, scattering of light and related studies 
have been going on since the days of Professor Raman. The Department, 
under the name of Department of Optics, came into being during 1948-49 
under ProfessorS. C. Sirkar, a student of Professor Raman, who retired in 1963 
after his long and valuable service to the department and the Association as 
an Acting Director. 
Investigations on various aspects of molecular conformations, molecular 
interactions and absorption, emission and scattering of radiations by matter 
in different states are being carried out in this department. 
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THEORETICAL PHYSICS 
The Department of Theoretical Physics formally started in 1950 with 
the joining as Reader of Dr. D. Basu who later became Professor and continued 
in that capacity till 1969 when he assumed the post of the Director. 
The theoretical physics group at the Association is pursuing investigations 
on scattering of electrons by atoms, electron capture phenomena, scattering 
of nucleus by nuclei, Moller scattering, weak interaction and elementary 
particle physics. 
PHYSICAL CHEMISTRy 
The Department of Physical Chemistry was created in 1947 with the 
appointment of Professor S. R. Palit, Head of the Department, who continued 
to render his valuable services to the department until his retirement in 1975. 
Under Professor Palit pioneering work on various aspects of polymerization was 
carried out. 
The work now being done in the area of Physical Chemistry covers fields 
of polymer chemistry, co-solvency, non-aqueous titration, thermodynamics 
and electrochemistry. 
ORGANIC CHEMISTRY 
The Department of Organic Chemistry was given a start with the appoint-
ment of Dr. S. M. Mukherji, as the Reader and Mr. P. Bagchi, as the Research 
Officer in 1949. Towards the end of 1951 the Reader-in-Charge left the Associa-
tion. In 1953 Prof. P. C. Dutta took over charges as the Head of the Depart-
ment. 
Researches in Organic Chemistry have been concerned, since its very 
inception, with the developing of stereospecific methods of synthesis for multi-
asymmetric centered physiologically active complex molecules of carbocyclic 
systems, mostly of terpenoid family. 
INORGANIC CHEMISTRY 
The Department oflnorganic Chemistry was formally started in 1951 with 
Dr. P. C. Banerjee as the Research Officer, and research work was started in 
1952, when Professor P. Ray, formerly Palit Professor of Chemistry, Calcutta 
University, joined the Association as the Professor and the Head of the 
Department. Mter his retirement Professor N. K. Dutta joined the Department 
as the Professor and Head of the Department and continued in this post up to 
1975, when he retired. 
Research work in Inorganic Chemistry has been carried out in two of its 
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main branches, viz. Chemistry of Co-ordination Complexes and Analytical 
Chemistry. Under the Chemistry of Co-ordination Complexes researches have 
been conducted on preparative and structural aspects of metallic complexes, 
of non-transitional and transitional metals including the rare-earth metals. 
In the analytical field, new reagents have been developed for the estimation of 
trace elements in industrial samples like ores, minerals and petroleum. At 
present work is being done in the fields of bio-inorganic chemistry and 
thermal decomposition studies in the solid state. 
MAcROMOLECULES 
The Department of Macromolecules started functioning from 1956 under 
Mr. P. Bagchi, Reader and the Head of the Department. He left the Association 
in 1959 and was succeeded by Professor S. K. Mukherjee, who served the 
Association for about one year. The Department was under a Reader for some 
time and presently it is under a Professor. 
The Department of Macromolecules, since its inception, is carrying 
out the work on the isolation and elucidation of structures of natural 
polysaccharides, and vulcanization of rubbers. Later on researches on synthetic 
polymer chemistry, nucleic acids, immunochemistry and humic acids were 
also taken up. 
Endowed Professorship Lectures and Gold Medals 
Endowment funds for the creation of whole-time professorships as already 
mentioned in the chapter one, were opened with the donations received in 
the life time of the Founder himself. But the total donations contributed 
were inadequate even in Dr. Mahendralal Sircar's time. Later on annual 
interests from these funds were utilized in inviting eminent foreign and Indian 
scientists to deliver course of lectures at the Association as Ripon Professor 
and Coochbehar Professor. In addition to the Endowment Professorship a 
few gold medals are awarded annually to eminent scientists of India and 
abroad. The arrangement of these lectures through the award of professorships 
and medals establishes contact with scientists of international reputation 
which serve as an avenue of mutual exchange of scientific ideas. 
PART TWO 

CHAPTER FIVE 
RESEARCH CONTRIBUTIONS : 1947-1976 
5.1 ATOMIC AND MOLECULAR PHYSICS 
THEORETICAL and experimental investigations on various problems in atomic 
and molecular physics were carried out in the different Departments of Physics. 
The topics may be broadly classified under the headings: 
(i) Collision processes in atoms and molecules 
(ii) Molecular spectroscopy 
(iii) Transport properties 
In the following sections these topics are presented. 
I. Collision Processes in Aton1s and Molecules 
An understanding of the features of atomic and molecular collisions is of 
basic importance in a number of problems connected with space physics, in 
studying the nature of the upper atmosphere, the earth's environment and solar 
terrestrial relations etc. The scattering, excitation, recombination and ionization 
are well-known processes that play a vital role in determining the plasma beha-
viour. For the designing of different types of gas lasers a knowledge of the atomic 
excitation cross sections is of great importance. Observations of the energy, an-
gular distribution, polarization and other compatible characteristics of the 
scattered beam in a collision process provides useful informations regarding inter-
actions and possible structure of the target system. 
The various collision processes dealt with are described below. 
(1) IoN-ATOM CoLLISIONS 
A number of different processes are possible when a positive ion beam passes 
through a gas. There may be elastic collisions in which the mutual kinetic energy 
of the colliding particles remains unchanged or inelastic collisions which include 
the possibilities of excitation or ionization either of the gas atom or of the inci-
dent ion. A further possibility is partial or full neutralisation of the ion beam 
through electron capture. The electron capture may occur either in the ground 
state or in the higher excited states while the residual target may be left in the 
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ground state or it may get excited through the collisions. The electron capture 
process is also known as the charge transfer process and is called resonant if the 
energy difference between the initial and the final systems is zero. 
When the relative velocity between the colliding systeins is large compared 
to the orbital velocity of the active electrons, the method of Born approximation 
may be used. This approximation has been applied to calculate the cross section 
of electron capture into an arbitrary state characterised by the quantum numbers 
n, l, m by ions from hydrogen like atoins in the ground state!. The Glauber ap-
. proximation suitable for high incident energy, has been applied to find the total 
cross section for (ls-2s), (ls-2p) and (Is-3d) excitations of hydrogen atom by 
proton impact2• The calculated values pass below the Born results except at high 
energies and are in close agreement with other theoretical findings obtained by 
the close coupling method in the impact parameter formulation. 
The process of excitation and capture of an electron in a collision between 
a heavy ion and an atom is often treated as a one body problem viz., that of an 
electron in the coulomb fields of two centres with the condition that initially the 
electron is attached to one of the nuclei in its ground state and finally theelectron 
is excited or is captured by the other nucleus. This approximation is possible 
because the masses of the ion and the atomic nucleus are much heavier compared 
to that of the electrons. The relative velocity between the two nuclei may be 
taken as constant except when the incident energy is very smalL This treatment 
is known as the impact parameter formulation. Using a distortion approxima-
tion within the frame. work of impact parameter method, the cross !!ections for 
excitation of hydrogen atom to the 3s, 3p and 3d states by alpha particle and 
proton impact have been calculated3• The same method has been used to calcu~ 
late the 2s and 3s excitation of helium atom by collision with protons and alpha 
particles4• It has been found that at low incident energies the effect of distortion 
is to reduce the cross section obtained by the Born_approximation. 
A variational method particularly suitable for studying charge transfer 
processes has been developed5• In this method the time dependent total wave 
function for a system like (A+ B+ e-) is expanded in terms of the eigenfunctions 
of the system (A+ e-) and (B+ e-). The differential equations satisfied by the 
coefficients of the expansion are obtained by making statioJlary a variational 
integral with respect to small arbitrary variations of the coefficients. This method 
has been extensively applied to study a number of ion-atom collision processes. 
Investigations have been made on symmetrical resonance capture process H++H 
(ls)-+-H(ls) +H+ for low values of incident proton energy in a two state ap-
proximation. The results are in good agreement with the experimental findings. 
The calculation of electron capture by protons from atomic hydrogen has been 
extended for higher incident energies by including the effect of the translatory 
motion of the electron6• The results are also found to be in good agreement with 
the experimental cross sections in the relevant energy region. 
One of the important experimental observations in connection with the 
RESEARCH CONTRIBUTIONS 91 
electron capture process ~ that, at a fixed angle of scattering the capture probabi-
lity when plotted against the reciprocal of the proton velocity reveals an oscil-
latory structure with maxima and minima. By applying the theoretical method 
discussed above it has been possible to reproduce this structure7• The same 
problem has also been studied; _by including in the expansion for the total wave 
function, both the Is and 2s electron orbitals around the two nuclei8. _ Some 
damping has been obtained in the oscillatory behaviour of the capture probabi-
lity in agreement with the experiment. This problem of electron capture in 
H+-H collision at 3° scattering angle has been investigated by the method of 
molecular state expansion and considering the lowest symmetric and anti-
symmetric states of H 2 + 9• The numerical values of the capture probabilities 
show a very good agreement with experiment in the energy range of ·45 Kev. to 
1·1 Kev. 
The impact parameter formulation with a two state approximation has 
been used for studying the process of electron capture by protons from molecular 
hydrogen10. For this asymmetric process the calculated cross sections show the 
broad maximum in the same energy region in which it has been experimentally 
observed. 
The problem of electron capture by alpha particles passing through hydro-
gen atom has also been investigated11• This problem has special interest as it 
provides an example of asymmetrical resonance. The calculation of the capture 
probability for this problem has been. made by taking into account all the 
mutual couplings of the Is state of the hydrogen atom, the ls, 2s, 2p0 and 2p±1 
states of the ionized helium atom. The number of peaks and valleys obtained 
theoretically in the capture probability versus incident energy curve is the same 
as that obtained experimentally except for a very small oscillation found in the 
experiment in the range of 4·5 to 7 Kev. A method based on the technique of 
Fourier Transform has been developed to incorporate the effect of momentum 
transfer in the electron capture processes12. Applying this method to calculate 
the cross section for electron capture in alpha-hydrogen collision for incident 
energies varying between 25 Kev to 1000 Kev, it has been found that the inclu-
sion of momentum transfer reduces the capture cross section significantly. Calcu-
lations for the cross section of the double electron capture for alpha particle 
passing through helium have been made using an atomic state expansion13• The 
results are in good agreement with the perturbed stationary state calculations, 
based on molecular state expansion. Further, it is found that at a fixed scattering 
angle of 5°, the probability of double electron capture is a rapidly oscillating 
function of the energy of the incident ion.· Later, a detailed investigation of 
the above problem has been carried out by including the excited states 2s, 2p0 
and 2p±1 of the helium ion and taking into account the effect of momentum 
transfer term and the effect of indistinguishibility of electrons14• The calculated 
results for double capture cross sections are found to be in good agreement with 
the experimental findings up to energy 750 Kev. The inclusion of 2s and 2p 
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excited states modifies the single capture cross section in better agreement with 
the experimental findings, in the incident energy region E>l50 Kev. The 
calculated cross sections for excitations of the resultant target helium ion and for 
single capture into the corresponding excited states are found to be nearly equal 
in the energy region E < 1000 Kev. Continuing the same investigation on 
He++-He collision, a three state atomic expansion has been used to calculate 
the variations of the double charge-exchange probabilities with the energy E 
and scattering angle 815• These calculations cover incident energies of the range 
I to 50 Kev and scattering angle between 1·2° and 3·0°, and the theoretical re-
sults are in good agreement with the existing experimental findings. A further 
investigation has been made on the He+-He collision problem, which is com-
plicated due to the presence of three active electrons in the system and is parti-
cularly interesting because of the possibilities of excitation of the helium atom to 
triplet states by a process of electron exchange and of capture into triplet states 
of helium16• In the expansion of the total wave function for the three electrons 
in terms of the atomic wave functions, six possible states have been considered. 
Calculation of total cross sections has been carried out for incident energies 
ranging between 0·6 and 40 Kev. It is found that the cross sections for excitation 
to and capture into the same state (21S, 23S) are nearly equal in the entire 
energy region covered. The cross sections for the singlet and the triplet cases are 
found to be of the same orders of magnitude. These cross sections are very small 
compared to those for electron capture into ground state of helium. The process 
of formation ofH-, as a result of double electron capture by proton from helium 
atom, using an atomic state expansion, in which the three travelling atomic 
orbitals are retained has been studied17• The cross sections have been calcu-
lated for incident proton energy ranging from 10 Kev to 200 Kev. The results 
show a maximum in the cross section-energy curve in agreement with the ex-
perimental observation. The reaction H++H--+H (2s, 2p0, 2p±1) +H, has also 
been studied by an expansion in terms of the products of atomic wave functions, 
which takes account of the possibilities of the capture of an electron into the 
2s, 2p0 and 2p±1 states18• Theoretical results for the capture cross section have 
been presented for the incident ion energy ranging from 0·5 to 8 Kev. Further 
in this calculation variation with the impact parameter of the probabilities of 
capture into the excited states have also been shown for several incident ion 
energies. The theoretical results for the total capture cross sections are found to 
be in much better agreement with the experimental findings compared to pre-
viously calculated values. 
The Born approximation has been extended to calculate the cross section 
for the ionization of the hydrogen atom in high energy proton impact19. For the 
continuum state wave function of the ejected electrons, the effect of both nuclei 
is taken into account. A method has been proposed for the evaluation of the 
matrix elements involved in the above calculation of ionization problem2o. A 
six dimensional integral in the coordinate space of two particles I and 2, where 
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integral contains coulomb functions for both the particles, the term 1/1 -;: _-;:: 1 
and an exponential term, has been suitably reduced to a double integral in the 
real space. The resulting integral can finally be evaluated numerically with a 
high degree of accuracy. This method has been verified by its application to the 
Nordsieck integral for bremsstrahlung with different sets of parameters, and on 
comparison with the exact method of Nordsieck, the error estimate is always 
found to be less than 0·01 %-
The Faddeev formalism, suitable for three body systems, has been modi-
fied to study the H+-H collision problem21• The effect of2s state and the proton-
proton interaction terms have been incorporated in the calculation and the 
results obtained are in good agreement with the experimental observations. 
An integral form of the close coupling approximation has been developed 
for application to the scattering of electrons and protons by atoms. This approxi-
mation has been applied22 to study the electron capture process H ++He-+ H + 
He. Applying the above mentioned approximation method the electron cap-
ture in the excited 2s states and excitation of helium atom for the collision of 
proton and helium have been investigated. All these theoretical results are in 
good agreement with the experimental observations. 
(2) ELECTRON-AToM CoLLISIONs 
The elastic cross section for the scattering of electrons by heavy atoms like 
Argon, Krypton, Xenon, Mercury and Gold has been calculated using the first 
Born approximation. The potential of the target atom as seen by the incident 
electron is based on the Thomas-Fermi statistical model. Simultaneously, rela-
tivistic effects on electron-atom scattering at very high energies have also been 
scanned, retaining up to the second order terms in the Born series23- 25• The effect 
of exchange which is not taken into account by the Born approximation may be 
included in the first order perturbation method through the Born-Oppenheimer 
approximation. Ochkur suggested a modification of the Born-Oppenheimer 
approximation, in which the exchange amplitude is expanded in powers of 
lfK2, where K is incident wave number and the first order term is retained. It 
has been found that the initial and the final state wave functions are automati-
cally orthogonal. The results obtained for elastic and inelastic scattering of 
electrons by hydrogen and helium atoms using Ochkur approximation are in 
fair agreement with the measured values26 • Due to the influence of an incident 
charged particle the atomic cloud gets distorted giving rise to a polarization 
potential mainly of a dipole type. The effect of polarization of the target atom 
is very important at low and intermediate incident energies. In the case of alkali 
atoms this effect is very dominant. The phase shifts for electron-cesium atom 
collision has been calculated using the BKW method in which the effect of the 
dipole polarization potential is included27• In the low energy region, a varia-
tional method due to Hulthen has been used to investigate the low energy 
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electron-helium collision28• The exchange effect has been included explicitly by 
antisymmetrizing the total wave function of the system. The results are in reason-
able agreement with other more sophisticated theoretical calculations. In 
another attempt the effect of polarization has been included211 through an extra 
dipole potential. The zero energy cross section is found to be in good agreement 
with the measured values. The ls-2s and ls-2p coupling (3 state coupling) 
in the case of electron-hydrogen scattering have also been considered30. An 
elastic resonance level has been obtained in the singletS-state at 9·55 ev, which 
is in favourable agreement with the experimental findings and other theoretical 
results31. In the problems of excitation of ion by electron impact the scattered 
wave function cannot be represented by the plane wave. It should be represented 
by the coulomb wave due to the presence of coulomb potential. To calculate the 
cross sections for the ls-2s and ls-2p excitation of helium like ions by electron 
impact a coulomb Born approximation is applied and the excitation cross sections 
are found to be finite at the threshold32• The Glauber approximation for multiple-
scattering satisfying the optical theorem is suitable for intermediate and high 
energies. The results obtained for the excitation of the hydrogen atom by elec-
tron impact in the Glauber method has been found to be in close agreement with 
the measured values at the intermediate and high energy regions33• The method 
has also been extended to the case of helium atoms34; A modified form of the 
eikonal approximation, which is the basis of the Glauber model of multiple 
scattering, has been applied to hydrogen, helium, lithium and sodium atoms as 
the target35• The results are in good agreement with the experimental data at 
intermediate and high energies. An integral form of the close coupling approxi-
mation in the momentum space, which has some definite advantages over the 
conventional integra-differential approach has been developed38- 41• Calcula-
tions have been performed for the case of hydrogen and helium atoms. It has 
been inferred that the results of Born approximation is not reliable even up to 
200 eV in the case of electron-hydrogen scattering. A formulation for handling 
the three-body problem in an exact manner was suggested by Faddeev. Hew-
ever, one cannot solve the Faddeev equations exactly with the known mathe-
matical techniques. An approximate and simplified form, which satisfies the 
unitarity and is also able to include the effects of coupling to all physical states 
has been developed. The effect of exchange has also been included through the 
proper antisymmetrization of the wave function. The calculated results for the 
ls-2s and ls-2p excitation cross sections are in good agreement with the 
measured values38• The modified form of the eikonal approximation mentioned 
earlier has also been employed to investigate the positron scattering by hydro-
gen, helium, lithium and sodium atomsas. For positron-helium scattering case 
the results are in close agreement with the experimental findings below the 
positronium-formation. The two state close coupling approximation has been 
used to calculate positron-hydrogen and positron-helium scattering cross sec-
tions38·ill. It is found that for electron-hydrogen scattering the results of the first 
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Born approximation is not valid even at an energy as high as 200 eV. For the 
case of helium atom as target, the two-state close coupling approximation has 
been extended to take account of the effect of the dipole polarization potential 
and a qualitative agreement with the observed values has been achieved. More-
over, the simplified form of the Faddeev equations as described earlier has also 
been employed to investigate positron-hydrogen scattering system41 • In this 
study the effects of both the direct and rearrangement channels have been con-
sidered and allowance has been made to include the effect of the higher excited 
levels of the target atom: The formation ofpositronium (e+ e-) and positronium 
negative ion (e- e+ e-) in positron-hydrogen molecule collision has been investi-
gated in the Born approximation for the incident positron energies varying be-
tween 45 e V and 550e V42 ·U. The problem is complicated because of the presence 
of two centres in the hydrogen molecule and the dependence of the cross section 
on the orientation of the inter-nuclear axis. 
(3) AToMic AND MoLECULAR CoLLISION PRocEssEs 
The collision-induced dissociation of molecular ions by collision with 
electrons has been studied44-46 theoretically for heteronuclear molecular ions 
like HD+ and HeH+. These molecular ions possess permanent dipole moments 
and have not been studied before. A suggestion has been made44 to interpret the 
forward-backward asymmetry in the energy distribution. The effect of dipole 
moment on the dissociation cross section and the angular distribution of the 
dissociation fragments have been studied. For HeH+ accurate calculations have 
been performed by using complicated elliptic type orbitals46. The dissociation of 
molecular ions by excitation to the vibrational continuum has been studied. 
These studies are of importance due to the possibility of direct ejection of ions 
thus produced in the magnetic traps for thermonuclear devices. 
The elastic and inelastic processes in molecular collisions have been studied 
in detail. For elastic collision the positions of the maxima and minima in the 
rainbow have been calculated for the Lennared Jones (12 : 6) and the exp-6 
potential by using the uniform approximation47. For inelastic collisions emphasis 
has been laid on the rotational excitation process. The rotational excitation of 
the molecules CO and NO by collision with electrons has been studied48• The 
excitation of the molecular ions HD+, HeH+ by collision with electrons and 
positrons have also been investigated49• A semi-classical strong coupling ap-
proximation suggested by Takayanagi has been developed and successfully 
applied to study the rotational excitation process in diatom-atom and diatom-
diatom systems50•61• The results have shown the influence of the various non· 
spherical interaction terms on the rotational excitation process and the step-wise 
jumps which made possible transitions to higher energy states which are forbid-
den by the optical selection rules. This feature of the molecular collision process 
influences the spectroscopiC data from the interstellar sources considerably. 
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Calculations have also been performed for the H 2-HCN systems. In this context 
mention may also be made for the studies performed on HCl-HCl system 
for which simultaneous excitations have been considered to infinite order. Studies 
on charge transfer processes and ion-molecule reactions52- 53 have also been 
initiated. 
On the experimental side, an apparatus for the study of elastic molecular 
beam scattering has been successfully set up. The studies performed with this 
apparatus yield valuable data regarding intermolecular potential. Experiments 
for the study of ion-atom and electron-molecule collisions by beam and electron 
swarm method, respectively are being set up. 
II. Molecular Spectroscopy 
An insight into molecular structure, molecular interactions in condensed 
phases and molecular and intramolecular motions in liquids is provided by the 
studies of emission, absorption and scattering of radiation by molecules. Results 
of investigations on these topics are reported in this section. 
(I) ELECTRONIC ABsoRPTION AND LuMINESCENCE SPECTRA 
The problems taken up for study in this field included identification of 
electronic transitions in a molecule, symmetry of the excited states, effect of elec-
tron acceptor and electron donor atoms or group of atmns in the molecules on 
the intensity of vibronic band systems, modifications in the spectra produced 
on change of state etc. Most of the studies concerned absorption in the ultra-
violet region but some investigations on emission, and on luminescence spectra, 
were also carried out. Some of the significant results are described in the fol-
lowing paragraphs. 
(Ia) 1r-ELECTRONIC TRANSITION IN SUBsTITUTED BENZENE MoLECULES 
The characteristics of the symmetry forbidden 1B2u+-1A1g transition in ben-
zene· and the effect of substitution on this transition, were investigated through 
the analysis of the vibronic structure of absorption spectra of over one hundred 
molecules in the vapour phase. Such analysis yielded information on the nature 
and symmetry of vibrational modes that coupled with the electronic transitions 
and in some cases the proper symmetry of the individual molecule. In the con-
densed phases, intermolecular forces produced remarkable changes in the 
absorption spectra of many compounds. In the spectra of crystals of several polar 
disubstituted benzenes at 90°K, each band split up into three components54- 56• 
The factor group splitting was of the order of 400 cm-1. The polarized electronic 
spectra of single crystals of p-dichlorobenzene57 and p-dibromobenzene58 did 
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not show splitting of bands expected from Davydov's theory. A semi-quantita-
tive theory of the splitting of electronic energy levels in crystals on the basis of 
interaction between oriented permanent dipoles of surrounding molecules and 
the transition moment of the molecule concerned was worked out59• Analysis of 
absorption bands due to the symmetry forbidden A2 ' <-A1 ' transitions of 1, 3, 
5-trichlorobenzene (D3h point group) crystals at 90°K revealed the presence, of 
the theoretically forbidden 0-0 band and progressions of totally symmetric "ring 
breathing" vibration in the spectrumso. This indicated that the symmetry of three 
fold axis in the molecule was absent at 90°K, a view that was later supported by 
the results of x-ray study of space group of the crystals at 90°K61 • Similar obser-
vations were made in the case 1, 3, 5-trimethylbenzene62 • Strong solvent pertur-
bation and intermolecular association also disturbed the three fold symmetry 
of these molecules63 • In the molecules of 1, 2, 3-triethylbenzene the electronic 
transition is forbidden due to cancellation of contribution to migration moment 
from the substituents in spite of low symmetry. But the vibronic structure and 
intensity of bands of this compound in rigid glass media at 90°K and in solid 
state indicated vibronic mixing of electronic states and intensity borrowing 
through involvement of totally symmetric vibrations61 • 
Spectra of a group of molecules having two phenyl rings connected through 
a bond exhibited some interesting features. Diphenyl in the solid state at 90°K 
yielded a second and new system of bands in addition to the band system ob-
served in its vapour spectrum 55• This was attributed to transition in one of the 
phenyl rings with the second one in the excited state. The features of the vapour 
spectrum of diphenyl ether were consistent with the existence of two probable 
configurations of the molecule, one planar and the other non-planar, arising 
from two possible orientations of the phenyl rings with respect to each other due 
to freedom of rotation of the rings about C-0-C bond66• Later observations on 
dielectric relaxation in this compound supported this view point. Benzyl ben-
zoate, a "double molecule" consisting of two phenyl rings connected through 
-CH2-0-C=O group also exhibited two systems ofbands, of which, the one 
on the long wave length side originated from excitation of the phenyl ring con-
taining the carbonyl group and the second system from excitation of the other 
ring67 • Absence of electronic interaction between the rings was attributed to their 
inability to enter into effective co~ugation because of insulating effect of the 
connecting -CH2-0-C group. Following the experimental investigations on 
the electronic spectra of many substituted benzenes containing a carbonyl 
group68, SCFMO calculations of the 7T-electron energy states of some of these 
molecules were carried out. The results showed that there was almost no correla-
tion of the different band systems of these molecules with the benzenoid and 
intramolecular charge transfer bands and it was more realistic to consider 
these bands as originating from transitions from the ground state to different 
excited states arising from the total 7T-electron configuration of the respective 
molecules69• 
7 
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(lb) 7T*~n TRANSITION IN PYRIDINE COMPOUNDS 
The characteristic 7T*~n transitions in a number of substituted pyridine 
molecules were investigated and their vibronic structure elucidated. The hypo-
thesis regarding disappearance of 7T*+-n transition in 2-halopyridine molecules 
due to strong inductive effect of the halogen atom was confirmed in the case of 
2-bromopyridine70, 2-chloro-and 2, 6-dichloropyridine67 and 2, 5- and 2, 6-
dibromopyridine71. Also, intermolecular association in the states of aggregration 
resulted in the disappearance of 7T*~n system in pyridine and picolines72 and 
several alkyl pyridines73. However, in the case of 2-aminopyridine strong inter-
molecular association in the solid state caused a large red shift of about 3800 cm-1 
of the 7T*+-n bands with respect to those of the vapour and the system was ob-
served resolved on the short wavelength side of the 7T* +-11system74.Besides, meso-
meric effect of a strong electron withdrawing group in 2-position with respect 
to the pyridine N-atom caused the 7T*+-n band system to disappear as in 2-
cyanopyridine75. Theoretical calculations of shift of band origin in the absorp-
tion spectrum due to the lowest singlet B2u+-A1g transition of benzene and the 
corresponding B2+-A1 transition of pyridine with substitution at different posi-
tions by the method of localized orbital with configuration interactions have 
shown that these shifts in 2- and 3- substituted pyridines are linearly related to 
those of the corresponding benzenes76. Such calculations in alkyl pyridine ex-
plained fairly many experimental observations". 
(lc) ELECTRONIC TRANSITIONS IN NAPHTHALENES 
The vapour phase spectra of a number of substituted naphthalene com-
pounds showed the band systems due to two electronic transitions, correspond-
ing to the long axis (B 2u+-A1g) and short axis (B1u~11) transitions in the parent 
naphthalene molecule. A comparison of the spectra of the substituted naphtha-
lenes with the spectrum of naphthalene revealed that a-substitution perturbed 
the short axis transition while ,8-substitution affected primarily the long axis 
transition. The characteristics of the spectra of 1-ethoxy and 1-methoxy naph-
thalene showed that the ethoxy group resonates more with the ring than the 
methoxy group78. Factor group splitting in the bands of crystals of 2-methyl-
naphthalene79 and 2-chloronaphthaleneso at 90°K indicated strong influence of 
intermolecular forces of crystals on the electronic energy levels of these molecules. 
(ld) TRIPLET+-SINGLET ABSORPTION 
Careful analysis of the spectral characteristics of weak triplet+-singlet 
absorption in benzene and a number of substituted toluenes in the vapour and 
liquid phases and in solutions showed that mainly the presence of heavy atoiDS 
causes these spin forbidden transitions to become strong81. Another feature re-
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garding the influence of relative position of heavy atom is that in halotoluenes 
substitution in the para position is least effective in causing enhancement in the 
intensity of the triplet-singlet transition82• 
(Ie) LuMINESCENCE SPECTRA OF AROMATIC MoLEcULES 
Characteristics of the triplet energy levels in some benzene derivatives have 
been determined from studies on the luminescence exhibited by substituted 
toluenes in the solid state and in frozen solutions at 90°K. The luminescence in 
these molecules arose from distortions of molecular states in the solid at low 
temperatures83 and in the case of p-chlorotoluene the life time of the lumines-
cence is of the order I0-3 sec84• This indicated that the excited state involved was a 
metastable one and the luminescence was apparently excited by radiations on the 
lower frequency side of the wave-lengths of singlet-singlet absorption. Careful 
examination established that direct excitation to the triplet state and subsequent 
emission from that state gave rise to the observed luminescence85• In dichloro-
toluenes, carbon skeletal distortion frequency of a 1600 cm-1 was coupled strongly 
with the transition86 while in some esters like methyl benzoate87 and benzyl 
acetate88 the frequency due to C=O stretching vibration also appeared in their 
luminescence spectra. 
(2) RAMAN AND INFRARED SPECTRA oF AROMATIC AND ALIPHATIC CoMPOUNDS 
Raman and infrared studies on the vibrational spectra of organic com-
pounds in different states provide useful data for understanding the properties 
and dynamical behaviour of the molecules of the compound . Important results 
obtained are described in this section. 
(2~) AssiGNMENT OF VIBRATIONAL SPECTRA OF MoLECULES 
Proper assignment of the vibrational spectrum of a molecule in terms of its 
normal modes of vibration is essential for the determination of its structural 
parameters, the force constants in its potential energy function and identifica-
tion of conformers in probable cases. 
Complete assignments of the vibrational spectra of some mono, -di and 
tri-substituted benzenes89, substituted pyridines90 and substituted naphthalenes 
have been carried out and new types of normal modes have been proposed from 
analyses of certain features observed in the Raman and infrared spectra of some 
of these molecules in the gaseous and liquid states92• Systematic vibrational 
assignment in a large number of mono- and disubstituted benzenes where the 
substituent is a complex group of atoms is of great help in elucidating their 
normal modes of vibration93• In monosubstituted benzenes the rigidity of the 
substituent group is an important factor while in disubstituted benzenes, the 
mutual interactions between the substituents and their coupling with the phenyl 
ring are the determining factors. These mutual interactions are the smallest in 
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para disubstitution and the largest in the ortho compounds. In the double mole-
cule ofbenzylbenzoate the two phenyl rings are-weakly coupled and the internal 
modes of vibrations of each ring are independent of the other94• 
Vibrational analyses of the Raman and infrared spectra of substituted 
alkanes, acyl halides and halo alkyl esters led to the detection and identification 
of the conformers of the molecules present in the liquid and solid states and 
complete assignment of their vibrational spectra in terms of the frequencies of 
the normal vibrational modes of the conformers95• The most likely conforma-
tion of succinamide molecule in the crystalline phase was determined from an 
analysis of the vibrational spectrum of the crystals of the compound96 • Theoreti-
cal calculations of the frequencies of I, I, l-trichoroethane97, I, 2-disubstituted 
ethanes9s and acyl halides99 have also been carried out for the purpose of vibra-
tional assignments. In the latter molecules the results are used for identification 
of the rotamers. 
Information about interactions between molecules in the crystals of some 
simple aliphatic molecules has been obtained from vibrational analysis of the 
spectra due to the crystals at 77°K100. In the inorganic compound of antimony 
trichloride such analysis has shown the existence of dimers in the liquid phase 
and special arrangement of these dimers in the crystalline phase of the com-
pounds101. 
(2b) STUDIES IN HYDROGEN BoNDING 
Different aspects of hydrogen bonding in aromatic molecules, containing 
hydroxyl and amino groups have been investigated by methods of infrared 
spectrophotometry. Hydrogen bond in molecules containing one or more 
hydroxyl groups revealed certain characteristic features. In o-chlorophenol in 
solutions in nonpolar solvents, the OH group is forced to the tarns position102. 
The dihydroxylic molecules of catechol, quinol and resorcinol in the crystalline 
phase exist as polymeric chains formed by intermolecular hydrogen bonds103. 
Effect of steric hindrance on hydrogen bond formation was found to be more 
important in the molecule of 2, 4-xylenol as compared to its 3, 5 isomer104. The 
strength of hydrogen bonds in many substituted anilines in different solvents 
depended on the electronic nature of the substituents and their relative positions 
in the parent aniline molecule. The plot of the relative shifts in the NH stretch-
ing vibrational frequencies in any of these molecules in different solvents against 
the corresponding values of aniline is a straight line and the slopes of these 
straight lines for different molecules are linearly connected with the pK -value 
of the respective molecules105. Lone electron pairs on theN-atom in the pyridine 
nucleus play an important role on the strength of hydrogen bonds in amino-
pyridines106. The principal features of hydrogen bonds in the substituted anilines 
and some other hydroxylic molecules in suitable solvents are in fair accord with 
the results of empirical calculations with an electrostatic modeP07 • 
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(2c) RoTATIONAL ISOMERISM IN MOLECULES 
The problem of the orign of different conformers in molecules of I, 2 
disubstituted ethanes, haloacetylhalides and substituted propanes were investi-
gated10B· 109 in the past. Recently, investigations on the rotational isomerism 
in more complex molecules having different kinds of internal axes of rotation 
were undertaken and some of the interesting results are described here. The 
molecules of 2-mercaptoethanol and ,8-aminoethanethiol in the liquid state 
exist in two rotationally isomeric configurations resulting from the orientation 
about the central C-C bond. In I, 2-propanethiol rotation about two C-C axes 
produces three detectable isomers and in n-butanethiol in spite of the existence 
of three C-C bonds, its vibrational spectrum is consistent with only two rotamers 
arising from the orientation of the CH2 SH group round the terminal C-C 
bond. In crystalline phase of all these compounds only one kind of rotamer 
exists. Spectral evidence does not indicate the presence of rotamers arising from 
different orientational configurations of the hydroxyl and thiol groups110. 
Hydrogen bonding in 2-chloro- 2-bromo- and 2-mercaptoethanol in the liquid 
state moderately affects the stability of the more polar rotamers in the first 
two cases and only slightly in the remaining one111• Molecules of I, 3 dimer-
captopropane may exist in five possible rotameric forms but because of I: 3 
parallel interactions three of them are detected in the liquid phase and only 
the more polar rotamer in the crystalline state112• Succinyl chloride, an analogue 
of I, 2-dihaloethanes, exists in the liquid state as a mixture of two rotamers of 
which the more polar is the stabler one but in the crystalline phase the less polar 
conformer is the only rotamer present113• ,8-chloropropionyl chloride, another 
member of the acyl halide family is capable of existing in five probable con-
figurations. Its liquid and solid phase vibrational spectra are consistent with 
only four rotamers and one rotamer respectively. These configurations have 
been ascertained from theoretical calculations114. The results of calculations of 
skeletal vibrational frequencies of I, 2-ethanedithiol, 1-propanethiol, 1, 2-pro-
panethiol, 2-mercaptoethanol and ,8-aminoethanethiol, prove the correctness 
of identification of the rotameric forms in these molecules made on empirical 
grounds115• The stability and energy difference between the two rotamers of 
1, 2-difluoroethane have been calculated using LCAOMOSCF method under 
INDO approximation and the PCILO method. These calculations show that 
in the free state the polar configuration of the molecule is stabler than the 
nonpolar form by about 600 calfmole. 
(2d) ORIGIN OF LOW FREQUENCY RAMAN LINES 
Intensity and frequency of Raman lines due to organic liquids are known 
to undergo changes when the liquids are frozen. In many cases, when the solidi-
fied mass is crystalline, the Rayleigh wing due to the liquid is replaced by a set 
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para disubstitution and the largest in the ortho compounds. In the double mole-
cule ofbenzylbenzoate the two phenyl rings are-weakly coupled and the internal 
modes of vibrations of each ring are independent of the other94• 
Vibrational analyses of the Raman and infrared spectra of substituted 
alkanes, acyl halides and halo alkyl esters led to the detection and identification 
of the conformers of the molecules present in the liquid and solid states and 
complete assignment of their vibrational spectra in terms of the frequencies of 
the normal vibrational modes of the conformers95. The most likely conforma-
tion of succinamide molecule in the crystalline phase was determined from an 
analysis of the vibrational spectrum of the crystals of the compound96. Theoreti-
cal calculations of the frequencies of I, 1, l-trichoroethane97, 1, 2-disubstituted 
ethanes98 and acyl halides99 have also been carried out for the purpose of vibra-
tional assignments. In the latter molecules the results are used for identification 
of the rotamers. 
Information about interactions between molecules in the crystals of some 
simple aliphatic molecules has been obtained from vibrational analysis of the 
spectra due to the crystals at 77°K100. In the inorganic compound of antimony 
trichloride such analysis has shown the existence of dimers in the liquid phase 
and special arrangement of these dimers in the crystalline phase of the com-
pounds101. 
(2b) STUDIES IN HYDROGEN BoNDING 
Different aspects of hydrogen bonding in aromatic molecules, containing 
hydroxyl and amino groups have been investigated by methods of infrared 
spectrophotometry. Hydrogen bond in molecules containing one or more 
hydroxyl groups revealed certain characteristic features. In o-chlorophenol in 
solutions in nonpolar solvents, the OH group is forced to the tarns position102. 
The dihydroxylic molecules of catechol, quinol and resorcinol in the crystalline 
phase exist as polymeric chains formed by intermolecular hydrogen bonds103. 
Effect of steric hindrance on hydrogen bond formation was found to be more 
important in the molecule of 2, 4-xylenol as compared to its 3, 5 isomer104. The 
strength of hydrogen bonds in many substituted anilines in different solvents 
depended on the electronic nature of the substituents and their relative positions 
in the parent aniline molecule. The plot of the relative shifts in the NH stretch-
ing vibrational frequencies in any of these molecules in different solvents against 
the corresponding values of aniline is a straight line and the slopes of these 
straight lines for different molecules are linearly connected with the pK -value . 
of the respective molecules105. Lone electron pairs on theN-atom in the pyridine 
nucleus play an important role on the strength of hydrogen bonds in amino-
pyridines106. The principal features of hydrogen bonds in the substituted anilines : 
and some other hydroxylic molecules in suitable solvents are in fair accord with .J 
the results of empirical calculations with an electrostatic modeP07. ~ 
l 
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(2c) ROTATIONAL ISOMERISM IN MOLECULES 
The problem of the orign of different conformers in molecules of I, 2 
disubstituted ethanes, haloacetylhalides and substituted propanes were investi-
gated108· 109 in the past. Recently, investigations on the rotational isomerism 
in more complex molecules having different kinds of internal axes of rotation 
were undertaken and some of the interesting results are described here. The 
molecules of 2-mercaptoethanol and ,8-aminoethanethiol in the liquid state 
exist in two rotationally isomeric configurations resulting from the orientation 
about the central C-C bond. In I, 2-propanethiol rotation about two C-C axes 
produces three detectable isomers and in n-butanethiol in spite of the existence 
of three C-C bonds, its vibrational spectrum is consistent with only two rotamers 
arising from the orientation of the CH2 SH group round the terminal C-C 
bond. In crystalline phase of all these compounds only one kind of rotamer 
exists. Spectral evidence does not indicate the presence of rotamers arising from 
different orientational configurations of the hydroxyl and thiol groups110. 
Hydrogen bonding in 2-chloro- 2-bromo- and 2-mercaptoethanol in the liquid 
state moderately affects the stability of the more polar rotamers in the first 
two cases and only slightly in the remaining onem. Molecules of I, 3 dimer-
captopropane may exist in five possible rotameric forms but because of I: 3 
parallel interactions three of them are detected in the liquid phase and only 
the more polar rotamer in the crystalline state112• Succinyl chloride, an analogue 
of I, 2-dihaloethanes, exists in the liquid state as a mixture of two rotamers of 
which the more polar is the stabler one but in the crystalline phase the less polar 
conformer is the only rotamer present113• ,8-chloropropionyl chloride, another 
member of the acyl halide family is capable of existing in five probable con-
figurations. Its liquid and solid phase vibrational spectra are consistent with 
only four rotamers and one rotamer respectively. These configurations have 
been ascertained from theoretical calculations114. The results of calculations of 
skeletal vibrational frequencies of I, 2-ethanedithiol, 1-propanethiol, I, 2-pro-
panethiol, 2-mercaptoethanol and ,8-aminoethanethiol, prove the correctness 
of identification of the rotameric forms in these molecules made on empirical 
groundsll5. The stability and energy difference between the two rotamers of 
I, 2-diftuoroethane have been calculated using LCAOMOSCF method under 
INDO approximation and the PCILO method. These calculations show that 
in the free state the polar configuration of the molecule is stabler than the 
nonpolar form by about 600 calfmole. 
(2d) ORIGIN OF LOW FREQUENCY RAMAN LINES 
Intensity and frequency of Raman lines due to organic liquids are known 
to undergo changes when the liquids are frozen. In many cases, when the solidi-
fied mass is crystalline, the Rayleigh wing due to the liquid is replaced by a set 
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of discrete Raman lines of small frequency shift termed low frequency Raman 
lines. A large amount of work has been done to analyse the spectral changes 
and, in particular, to study the origin of the low frequency Raman lines. Two 
proposed hypotheses which attributed the origin of the low frequency line to 
translational lattice vibration and angular oscillations of molecules in the 
crystal lattice respectively have been found unsatisfactory in explaining many 
features of the spectra. In an alternative explanation which accounted for 
many observations more consistently it has been proposed that the lines originate 
from vibrations in groups of molecules formed in the solid state through virtual 
linkages116 • The theories have been critically examined in a number of investi-
gationsl17-120 which generally support the latter hypothesis. Evidence of existence 
of associated groups of molecules in the solid phase has been provided by 
comparative study of Raman spectra of the organic compound in the crystalline 
state and its frozen solutions in different solvents at low temperatures121. 
Investigations on temperature dependence of the intensity distribution in the 
Rayleigh wing observed in the spectra of pyridine, a-chlorophenol, c<.-picoline 
and p-xylene122 showed that such groups were formed in the respective liquids 
at temperatures near its freezing point. The nature of the bonds respon-
sible for the formation of the groups in the solid state has also been investigated. 
From comparison of the Raman spectra of some frozen monomers with those 
of their corresponding polymers at 90°K, indications have been obtained that 
in these cases the bond formation occurs at the expense of C=C, C=N and C=O 
bonds present in the molecules of these monomers123. In many organic crystals 
virtual bonds are formed between the neighbouring molecules through specific 
atoms in these molecules124. 
(3) DIELECTRIC ABSORPTION AND RELAXATION IN PoLAR LIQ.UIDS 
Dielectric relaxation accompanying absorption of high frequency radio 
waves and microwaves by dipolar liquids has been widely studied for under-
standing molecular and intramolecular motions in liquids and for determining 
some molecular parameters. 
In the early period, Debye's molecular picture of the phenomenon of 
dielectric relaxation explained fairly well the experimental results but, later it 
was found that Debye's theory required modification because of the nonspherical 
nature of most of the polar molecules and also because the macroscopic viscosity 
did not well represent the internal friction. This deficiency was also evident 
from the results of dielectric measurements in many polar liquids, like dialkyl 
ketones125. Moreover, the orienting unit was not always identifiable with the 
dipolar molecule. Thus, in fatty acids and several aromatic molecules126 the 
size of the orienting unit calculated from Debye's relation correspond to dimeric 
molecules. The ultra high frequency absorption measurements in opalescent 
liquid mixtures indicate the presence of two types of associated molecular 
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groups, one more closely packed than the other in these mixtures127. A theory 
of dielectric relaxation in polar liquids composed of monomeric and dimeric 
units of molecules was developedl28. The problem of correct representation of 
the dependence of relaxation time in polar liquids on parameters of the mole-
cules of the liquids and their bulk viscosity has been investigated. For a large 
number of polar organic molecules of different shape, size and dipole moment 
in media of low and high viscosities at different temperatures129 the expressions 
for relaxation time and internal viscosity are found to be consistent with 
the relationTT=. const. 'TJv, where 'TJ is the bulk viscosity of the dipolar 
liquid and y is the ratio of heat of activation for dipole orientation to that 
for viscous flow. This relation affords means for determining the internal 
viscosity and in favourable cases the sizes of polar molecules which may be 
cllipsoidaP30. 
The dielectric data for many polar liquids which could not be analysed 
by Debye theory fit better in the Cole-Cole empirical relation. However, the 
Cole-Cole equation had no theoretical basis and a suitable modification of the 
Debye's equation has been shown to provide a physical basis for itl31. In many 
polar liquids, composed of flexible molecules presence of more than one relaxa-
tion mechanism and possibility of group rotation has been demonstrated132. 
From measurements on the relaxation times in alcohol, aniline and anisole 
compounds in dilute solutions the orienting unit in each case was identified133. 
A simple analytical method of analysis of the dielectric data for molecules with 
more than one relaxation process has been developed134 and used successfully 
by several workers135. It has been demonstrated that benzoic acid ester mole-
cules relaxed by molecular orientations only while in the case of monocarboxylic 
acid esters both molecular and intramolecular orientations were possible136, 
the difference in dielectric behaviour being attributable to the relative position 
of the C =0 dipole in these molecules. In thioanisole in the liquid state131, 
the SCH3 group rotation has been found to be the major relaxation process 
whereas in the similar molecule of anisole the orientation of the OCH3 was found 
to be of minor importance. The group rotation in thioanisole has been observed 
to be more free than in anisole. Difference in the behaviour ofthiol and hydroxyl 
groups has also been found in the case of a number of compounds such as p-
substituted thiophenols138. The measured magnitudes of the relaxation time of 
1, 2 disubstituted ethane molecules have indicated that in most cases the mole-
cules relax by orientation as a whole. The activation energy for dipole orientation 
("-'1.5 K. calfmole) is much less than the value of potential barrier to internal 
rotation (3-12 K. calfmole) reported from ultrasonic relaxation measurements. 
These facts strongly support the conclusion that dielectric relaxation in most 
of these liquids is due to molecular orientation. In the case of I, 2 dialkoxy-
ethanes, however, the relaxation is mainly due to rotation of alkoxy groups139. 
Analysis of dielectric data of I, 2 and I, 3 propanethiols indicates an increase of 
the distribution parameter and shows that in the liquid state, the molecules of 
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both the compounds exist as mixture of more than two rotameric forms whose 
relative populations depend on temperature14°. This conclusion is in agreement 
with that derived from spectroscopic studies. 
The experimental activation energies in many polar compounds in the 
liquid state and in solutions141 compare favourably with the estimated total 
energy arising from various intermolecular interactions (dipole-dipole, dipole-
induced dipole and London dispersion forces), in these cases. The experimental 
values of the activation energy obtained in the case of I, 2 disubstituted ethanes 
in the liquid state139-141 approximately equal to the amount of lowering of 
energy difference between the two conformers in passing from the gaseous to 
the liquid phase which presumably reflect the role of intermolecular potential 
field. Also, the activation energy is fairly equal to the difference in the electro-
static potential energy of the two rotamers in the liquid state. A close relation 
between the activation energy for dipolar orientation and intermolecular poten-
tial energy in the liquid state is indicated by these results. 
(4) MISCELLANEOUS STUDIES 
Brief descriptions of results of investigations on some specific topics taken 
up in connection with other problems are given in this section. 
(4a) ABSORPTION oF REsoNANCE RADIATIONS 
Absorption of resonance radiations of mercury and sodium transmitted 
through layers of mercury142 and sodium vapour143 respectively at different 
pressures has been studied. In each case radiations of freqeuencies different, from 
that of the centre of the resonance line are observed. It has been concluded that 
these radiations are created by the absorption of the resonance radiation by the 
atoms of the vapour in the ground state and its subsequent remission under the 
influence of the neighbouring excited and unexcited atoms. A satisfactory expla-
nation of the observed facts based on semi-empirical quantum mechanical 
calculations was offered 144• 
(4b) RAYLEIGH SCATTERING AND MOLECULAR ANISOTROPY 
The molecular anisotropy in liquids, usually obtained from a knowledge of 
the factor of depolarisation of the Rayleigh scattered light from any liquid and 
its isothermal compressibility, is likely to be affected by its environment. In many 
organic polar liquids anisotropy of molecules has been found to increase with 
increase of temperature but in non-polar liquids it is constant at all tempera-
tures145. These observations showed that in polar liquids the molecules remain 
associated at lower temperatures and at higher temperature some of the asso-
ciated groups break up. 
RESEARCH CONTRIBUTIONS 105 
(4c) BRILLOUIN CoMPONENTs IN RAYLEIGH ScATTERING 
The scattered radiations from water, acetone etc. were analysed with a 
Fabry-Perot etalon crossed by a spectrograph using transverse illumination and 
taking precautions for excluding stray light146• The measured intensity ratios of 
the Brillouin components due to these liquids were found to agree satisfactorily 
with the values calculated from Landau and Placzek's theory. The apparent 
disagreement with the theory reported by earlier workers were traced to the 
presence of stray light in scattered radiations. In crystalline quartz, studied with 
a high dispersion concave grating147 only two Brillouin components without any 
central one were ob~erved. The separation between the two components was 
much smaller than the value of a few wave numbers reported by previous investi-
gator who found in addition to the two, a strong central component. 
III. Transport properties of gases 
The experimental and theoretical 1>tudies on the transport properties of 
gases provide us with a first hand information of some very important physical 
properties, of aeronautical problems including jet propulsion. A brief descrip-
tion of the investigations carried out on transport properties of gases, intermole-
cular forces and statistical mechanics are reported in the following paragraphs. 
On the experimental side, investigations were made on the thermal conducti-
vity of inert gases and their mixtures148- 149• These studies yielded useful results 
as only a few years earlier collision integrals required for the evaluation of the 
transport coefficients in terms of the Chapman-Enskog theory had become 
available. Subsquently work along this line was extended to diatomic and poly-
atomic gases and their mixtures150- 152. In this context particular mention may 
be made about the work done on polar gases153 •151• From these data, information 
regarding rotational-translational energy transfer process could be derived and 
it was established that precise measurements on thermal conductivity can yield 
reasonably good values of Zrot, the rotational-translational collision number. 
The results obtained for the mixtures have given valuable information regarding 
the applicability of Hirschfelder-Eucken expression to the thermal conduction 
in such gas mixtures which involve internal energy transfer. 
Simultaneously with the National Aeronautics and Space Administration, 
USA work was initiated on heat conduction in dissociating and chemically react-
ing gas mixtures. These systems are of special importance as these exist in the 
exhaust nozzles of jet engines and on the boundary layers of hypersonic aircrafts. 
The results of the experimental studies have brought out the very strong influence 
of chemical reactions and their rates on heat conductivity155- 157• It was also 
suggested that the diffusion coefficient which is also an important factor in the 
heat conduction process is also to be affected by chemical reaction. This predic-
tion has been subsequently proved correct by the experimental studies158- 159• 
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Studies on thermal diffusion process in gas mixtures which have many 
practical applications including astrophysics have been carried out extensively. 
A thermal diffusion column which was utilised to obtain thermal diffusion factor 
of a number of gas mixtures has been set up160 • The thermal diffusion factor is 
quite sensitive to the intermolecular potential so that information about the 
latter can be obtained from such data. The thermal diffusion factor of a large 
number of systems have been studied extensively161 -163, using both the two-bulb 
and swing separator methods. These results have contributed very significantly 
to the understanding of the effects of inelastic collisions on the thermal diffusion 
process. The mutual diffusion in gases has also been studied by the radioactive 
tracer method164-165• All-metal oscillating-disc viscometers have been set up 
which have been utilised for the extensive studies on viscosity of gases and their 
mixtures166- 167• Particular mention may be made about the studies on polar 
gases and polar-non polar mixtures which have yielded valuable information 
on molecular interactions in such systems168, 
More recently studies on the effect of magnetic field on heat conductivity of 
polyatomic gases which is known as tlte Senftleben-Beenakker effect has been 
taken up. In this case the transport coefficients have tensorial properties, which 
yield information regarding the inelastic cross sections. 
On the theoretical side, investigations have been carried out to study the 
convergence problem in the theoretical expressions for thermal diffusion factor169• 
A method for the determination of intermolecular force parameters from the 
experimental thermal diffusion factor data has been suggested and successfully 
used170• An explanation has been put forward for the anomalous pressure depen-
dence of viscosity of strongly polar gases like steam and ammonia in terms of 
the formation ofdimers and the dense gas theory171 • 
Extensive calculations have been performed for the determination of the 
force parameters for different substances by using various properties viz., the 
transport, equilibrium and crystal properties. An ab initio calculation has been 
performed for the molecular interactions in a few systems1 72• A hybrid potential 
for molecular interactions has been suggested and for the first time the effect of 
temperature dependence of the polarizability of hydrogen molecule and its 
isotopes has been considered, which will affect the intermolecular potentials of 
these substances. This suggestion has subsequently been corroborated from the 
calculations performed on the second virial coefficient and viscosity of these 
substances. The effects of stretching on the intermolecular potentials of diatomic 
molecules has also been considered173- 1 74. 
The effects of non-spherical interactions on the second virial coefficient of 
diatomic and polyatomic gases have been studied in detail. From an analysis of 
the second virial coefficient and viscosity data the quadrupole moment and shape 
factor of several substances have been determined175• These studies have subse-
quently been extended to the transport properties of gases. 
The dielectric second virial coefficients of polar gases and their binary 
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mixtures have been studied176- 177. For this purpose the Buckingham-Pople formu-
lation has been used and the contributions of the various non-spherical interac-
tion terms have been considered. The calculations performed for the pure polar 
gases show that most of the previously observed anomalies can be explained in 
terms of this theory by using proper convergence limits. For polar gas mixtures 
the theory has been formulated and the calculations performed show the com-
paratively large effect of hydrogen bonding on the dielectric second virial coeffi-
cient of polar gas mixtures. 
The formation of double molecules or dimers in gases have been theoreti-
cally studied in detail178-179. For polar gases, the contributions of bound and 
metastably bound double molecules to the second virial coefficient have been 
studied by using different methods for representing the angle-dependent forces. 
These are the first calculations performed for polar gases and have been utilised 
to explain pressure dependence of the transport coefficients. 
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5.2.(a) ELEMENTARY PARTICLE PHYSICS AND 
NUCLEAR PHYSICS 
I. Elementary particle physics 
To explain the forces operating within the nucleus Yukawa postulated the 
existence of mesons, which play the same role as photon does in quantum elec· 
trodynamics. Unlike photon, meson has a rest mass and the spin of 7T-meson is 
zero. It was later observed that when a nucleus disintegrated a bewildering 
variety of short lived particles, which apparently do not exist within the atoms of 
of ordinary materials, was created. Some of these particles could not be properly 
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characterized and were called 'strange' particles. These new particles along with 
neutrons, protons and pions are now called 'hadrons' (strongly interacting 
particles). A classification scheme for them was first proposed by Gell-Mann and 
Nishijima and further, many of them were grouped together on the basis of their 
spin and parity assignments and those were put in the irreducible representations 
of SU(3) group, which gave interesting theoretical predictions; some ·of them 
were verified later experimentally. 
Some interesting investigations carried out here in this branch of physics 
are presented in the following sections. 
(a) NucLEON-ScATTERING 
In the theory of nucleon-nucleon scattering the symmetrical Moller-
Rosenfeld (M. R.) interaction has the special advantage that by eliminating the 
I 
3 singularity it admits of a solution of the Schrodinger equation for the deuteron 
r 
problem which fixes uniquely the two constants of the M . R. interaction. The 
third constant involves the mass of the 7T meson that generates the field. The 
three constants of the M. R. interaction being thus fixed it has been found1 that 
the theoretical value of the total scattering cross section agrees reasonably well 
with the experimental finding of neutron-proton scattering at 280 MeV neutron 
energy, provided the influence of radiation reactions is properly taken into 
account. 
The cross sections for the reactions P+P~1T++d decide that the TT-meson 
which is responsible for the nuclear force has spin value zero; other experiments 
indicate that the 1r-meson probably obeys the pseudoscalar field equations. The 
pseudovector interaction of the pseudoscalar meson field is characterised by the 
prominence of the tensor force term which does not exist (in the non-relativistic 
limit) in theM. R. interaction; it is interesting to see to what extent the pseudos-
calar meson field is capable of explaining the angular distribution of the neutrons 
scattered by protons both in the low and high energy regions. In the low energy 
region, the theoretical results calculated in the non-relativistic approximation 
has been compared with the experimental values of the neutron-proton scatter-
ing at 90 MeV energy and it has been concluded2 that a reasonable, though not 
quite satisfactory, approach to the experimental values is obtained if Serber's 
charge combination is introduced in place of the charge symmetric theory and 
further the interaction in the momentum representation is so chosen that the 
static potential in the coordinate system is free from o-function. This problem 
has been further investigated3 making relativistic calculations with second 
order matrix elements. 
In continuation of this idea, the cross section for the production of meson in 
neutron-proton collision (a third order process) has been calculated on the 
basis of the charged pseudoscalar theory with pseudoscalar coupling. If the 
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recoil of the nucleon, initially at rest, is neglected, the cross section vanishes. 
Taking the value of the coupling constant to be 0·3, the numerical value of the 
cross section is of the order of l 0-29 cm2 and the total cross section varies as log 
Ep0 , Epo being the energy of the incident nucleon. The validity of the results for 
high energies is only restricted by the fact that radiation damping has been 
neglected. The problem of the scattering of charged pseudoscalar meson by 
nucleon has been approached quantum mechanically4 as well as classically5 • 
Following the semi-variational method of Hsiieh and Ma, the reaction of radia-
tion on the scattering of charged pseudoscalar meson by nucleons has been 
investigated. It has been shown that the scattering cross section reaches the 
maximum value round about the energy of 250 MeV; further, the scattering of 
proton by positive meson is shown to be greater than that of negative meson in 
agreement with the experimental finding. The well-known Heider's integral 
equation for the problem of the scattering by proton of scalar meson has been 
solved by the variational technique of Goldberger which is an improvement over 
that of Hsiieh and Ma. The equations of motion of the nucleon in interaction 
with the charged scalar meson field has been solved classically, the radiation 
reaction being included. Taking the values of the coupling constant to be the 
same as determined in M. R. interaction, the cross section for the scattering of 
positive and negative meson by proton reach their maximum values near about 
250 MeV. 
The high energy proton-proton scattering shows an angular isotropy. None 
of the mesonic interactions as derived from field theoretical considerations can 
explain this phenomenon. The relative importance of the different components 
of the pseudoscalar interaction in relation to their contributions to the value 
of the differential cross sections has been studied6• The results indicate that 
it is not possible to explain in a simple manner the angular isotropy of the proton-
proton scatteri..rtg at high energies. Of the various proposed phenomenological 
potentials between two nucleons the 'hard core' potential model of Jastrow, 
which gives the isotropic scattering, yields better agreement with experimental 
observations than any other, though on theoretical grounds it has not bee:1 
possible to justify the existence of a 'hard core' in the case of the singlet state. 
It has been suggested7 that the ll-function potential which occurs naturally in 
the field theoretical interaction may be regarded as the analogue of the 'hard 
core' potential whichJastrow assumes ad hoc in the singlet state only. It is shown 
that the inclusion of the ll-function term in the pseudoscalar interaction helps 
to explain the isotropy of scattering of one nucleon by another and the fact that 
the scattering cross section is independent of the energy of the incident particle. 
It has been observed8 that if the differential cross section for the p-p scattering 
is calculated with the tensor part of the pseudoscalar interaction, it agrees 
reasonably well with the experimental data at 340 MeV. Further the tensor 
force alone explains qualitatively the independence of the scattering cross 
section with energies of the incident particles. However, the tensor force term 
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does not give any scattering in the singlet state. The relative contributions of 
the different parts of the tensor force to the isotropy of p-p scattering have been 
considered and it has been found that the interaction potential term which 
1 
contains - 3 singularity shows at high energies a better tendency towards r 
qualitative isotropy than that due to other terms. Moreover it is found that the 
tensor force term of pseudoscalar interaction which involves the sum of ...,! 
r 
I I 
--:;- and-3 singularities gives better agreemen-t with experimental results at 340 T" r 
1 
MeV than what has been obtained with the 3 term alone. 
r 
Polarization studies of the colliding particles and the emitted photons in 
bremsstrahlung and Moller scattering have been made9a. The differential cross 
section of radiative collision between a longitudinally polarized electron and a 
nucleon polarized in the same or opposite direction has been investigated. 
Investigations have also been made for the circular polarization of bremsstrah-
lung for the cases (i) when only the target proton is polarized and (ii) when only 
the electron is polarized. In the case ( ii), emission of bremsstrahlung by the 
target proton has also been considered taking into account the effects of both 
the charge and the anomalous magnetic moment distribution of the proton. 
A general expression has been derived for the Moller scattering of electrons in 
which the polarization states of both the initial and final electrons are arbitrary. 
It is found in the high energy limit that the scattering is minimum or maximum 
when the longitudinal polarizations of the final electrons and the transverse 
polarizations of initial electrons are in the same sense or in the opposite sense. 
Radiative and non-radiative neutrino-nucleon scattering have been 
studied9b. In the radiative case it is found that the emitted bremsstrahlung is 
circularly polarized owing to the nature of the weak interaction. In the investi-
gation of non-radiative interaction of neutrino with polarized nucleon, the 
differential reaction cross section is calculated taking into account the polariza-
tion of the emitted baryon. 
Effect of parity non-conserving anapole moment interaction has been 
investigated. It is shown that anapole moment interaction leads to longitudinal 
polarization in e--e-, e--e+ and e--p scattering. It is also suggested that the 
left-right asymmetry of the meson pair produced in e- -e+ collision may point 
out the presence of the anapole moment. 
Helicity projection operator for spin three half particles has been calcu-
lated10. Some methods of trace calculations involving Dirac and Pauli matrices 
have been developed e.g. a trace involving Dirac matrices is reduced to one 
involving Pauli matrices. In another work11, traces involving Dirac matrices 
and unit matrices are calculated by working with five anticommuting matrices 
satisfying Dirac algebra. 
8 
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The neutron and proton magnetic moments were calculated with the 
extended source meson theory in static approximation. The effect of mesonic 
current gives f.£p=2.44 and fl>n =-1.44. It has been found12 that there should 
be an additional contribution of -.15 to fl>n due to the effect of the Dirac moment 
of the proton in the intermediate states and subsequently the fl>n changes to- I .59. 
This improved result gives -fl>n(fl>p-1) =1.1 against the experimental value 
1.06. It was observed that the fourth order contribution is smaller than the 
second one and thus the validity of the perturbation expamion in this model 
was justified. The space-time extension of the source function was considered 
to account for the nucleon recoil and hence the neutron and proton magnetic 
moments are calculated to second order in the coupling constant. This method13 
of calculating nucleon magnetic moments requires a cut-off limit of2.334 and a 
coupling constant 0.015 to fit the existing experimental results. It is interesting 
to note that these values of the energy--momentum cut-off and coupling constant 
are much smaller than those used by Chew in his extended source model. 
The effect of K-meson and hyperon contribution to nucleon magnetic moment 
has been calculated14 similarly in the case of meson and nucleon. It was found 
that this contribution improved the previous theoretical calculations in which 
only the effect of meson and nucleon was taken into account. To obtain quanti-
tative agreement with experiment so far as magnetic moment of the neutron is 
concerned it was found that the 7T-N coupling should be greater than 0.079 
A 
and the N-K-.E coupling is much smaller than the 7T-N coupling. The value 
of the 7T-N couplmg IS in agreement with dispersion theoretical calculation. 
(b) HADRON SYMMETRIES 
As the number of hadrons (strongly interacting particles) increased many 
problems cropped up. An important problem was-whether some correlation 
exists amongst so many coupling constants of hadrons. These coupling constants 
play very important role in the dynamical calculations of hadron scattering 
processes which in turn help understanding the properties of the hadrons. Some 
investigations on the hadron couplings with the more realistic approach of 
symmetry violation have been carried out. On the assumption that the violation 
of unitary symmetry transforms like the eighth component of "unitary spin", 
the problem of finding the coupling constant reduces to the evaluation of 
reduced matrix elements. To facilitate the calculation of coupling constants, 
a very simple and general ansatz has been proposed for the reduced matrix 
elements15 . The conjecture that the interaction which splits the masses also 
splits the coupling constants, and that its "strength" may be estimated from the 
observed mass splitting, has been used. The B* B P and V P P coupling constants 
have been calculated by using the "Spurion Octet" technique. The results are 
compared with the available experimental data and the theoretical data from 
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other authors, and are found to be in reasonably good agreement. This technique 
is applicable to all cases where at least two experimental decay widths are avail-
able, if in a particular case the interactions have unique symmetry, a single 
observed decay width will suffice to fix the scale. Assuming that the violation of 
unitary symmetry transforms like the eighth component of a unitary octet and 
keeping the mixing angles arbitrary, twelve coupling-constant sum rules for 
the coupling of the nonet of J+=2+ mesons, K** (1430), A2 (1320), f'(1500) 
and f (1250) to (a) a pair of pseudoscalar mesons and (b) a pseudoscalar and a 
vector mesor: have been derived16 • Extending the reducible nonet assignment 
for vector mesons to the 2+ nonet to relate the parameters characterizing the 
coupling of the singlet to those of the octet in the presence of symmetry breaking, 
more sum rules have been obtained. The sum rules for coupling constants in 
case (b) cannot be checked experimentally at present because of the lack of 
sufficient and reliable experimental data. The experimental situation for the 
coupling constants regarding case (a) is, however, considerably better so that 
three of the sum rules derived can be checked experimentally. The signs of the 
coupling constants as predicted from the sum rules agree with those given by 
exact SU(3). It has been found that the present experimental evidence is 
consistent with and seems to support the assignment of the 2+ mesons to a 
reducible nonet of broken SU(3). 
By making use of the relation of axial-vector current connecting the inter-
acting field and equal time commutator of charge and the interacting field, a 
relation connecting the meson-baryona -term and the BBS-coupling constants 
has been obtained and some interesting results for BBS coupling constant arc 
found out.l7 Required estimation of the meson-baryon a-term is done following 
the approach of GOR model and also by simple algebraic method. 
It is now understood that, producing particle multiplcts is not the only 
way in which a symmetry can manifest itself, but the low mass pseudoscalar 
mesons, which satisfy the PCAC relations, also suggest that the strong inter-
actions are nearly symmetrical under the bigger symmetry group SU (3) X 
SU(3). The idea that exact SU(3) xSU(3) symmetry is realised by massless 
pscudoscalar mesons, has been explored to provide a simple description of the 
problem 'how the SU(3) X SU(3) symmetry is broken', by Gell-Mann, Oakes 
and Renner. The validity and the consistencies of the recent developments in 
the field of the internal symmetries in hadron interactions have been examined18 
by considering the scattering of the pions and kaons by the baryon octet and 
it is found that the GOR solution for the weight parameter c of the (3, 3) + 
(3, 3) model can be recovered by a conjecture that the baryonic matrix 
elements of the scalar densities are directly proportional to those of the scalar 
fields. The same conjecture has been used to evaluate the set of BBa8 & BBa0 
coupling constants. It is also found that the masses of the scalar mesons and 
their couplings to the baryons play a major role in determining the meson-
baryon a-terms. 
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Considering some difficulties and incosistencies of GOR assumptions that 
the decay constants for the pseudoscalar mesons are equal and the vacuum 
is approximately SU(3) invariant, a postulate has been proposed19 which says 
that the vacuum is non-invariant under both SU(3) and SU(3) X SU(3) symme-
tries and the weight parameter c, associated with the SU(3)-violating eighth 
member of the octet scalar density, occurring in the SU(3) X SU(3)-violating 
hadron energy density, is given by the ratio of the matrix elements of the eighth 
and singlet scalar densities between vacuum states. 
By virtue of this postulate, some encouraging results are obtained. These 
results are-the SU (3) X SU (3) is as good a symmetry as SU (3), the unique 
solution of c is possible without the assumption of the equality of the meson 
decay constants, the unique solution of the generalized a-term of 77-K scattering 
is possible; moreover, with the value of c obtained here, the long standing 
trouble for SU (3) X SU (3) symmetry created by the large value of the 7T-N 
a-term obtained by Cheng and Dashen ends, the unique sum rules for decay 
constants without any approximation are obtained and it expresses the SU(3) 
violation in both the mass and the decay constants; it also ascribes a possible 
value for decay constant of 71-meson. Considering the entire mass of the pseudo-
scalar meson arising from SU (3) X SU (3) symmetry breaking, the vacuum expec-
tation values of the singlet and octet scalar densities are uniquely determined. 
By slightly modifying the previous conjecture18 with the introduction of 
masses of scalar mesons, and by making use of the expression of the baryonic 
matrix-elements of the scalar densities evaluated from SU(3) mass splittings of 
the baryons, the complete set of BBS coupling constants is determined20 and it 
has been fotU1d that they are not SU(3) invariant because of the introduction 
of physical masses of the scalar mesons. The 7T-N and K-N a-terms are also esti-
mated by considering the GOR model and by determining the values of the 
nucleonic matrix element of the singlet scalar density by a realistic SU(2) X 
SU(2) restriction. The values of a-terms are consistently good giving support 
to the (3, 3) +(3, 3) representation of SU(3) X SU(3) symmetry. The 7T-B and 
K-B a-terms can be expressed in terms of the BBS coupling constants and also 
in terms of the baryonic matrix elements of the scalar densities. On the other 
hand the baryon masses have been related to the transition strengths for SU(3) 
singlet and octet 7]-like scalar meson by Carruthers. With the use of these rela-
tions the transition strengths of scalar mesons have also been determined20 • 
An interesting feature observed, is that the ratio of the transition strengths 
turns out to be independent of the weight parameter. 
(c) HADRONIC PHENOMENOLOGY 
The study of charge particle production (multiplicity) in proton-proton 
interactions at high energy gives information about the asymptotic behaviour 
of strong interaction and the underlying theory of hadrons. 
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Using the accelerator results of National Accelerator Laboratory, Batavia, 
U.S.A. and CERN European Organization for Nuclear Research, Geneva the 
distribution of the topological cross section at different momenta has been esti-
mated. The multiplicity distribution is found to follow a proposed discrete distri-
bution. At sufficiently high energies the discrete distribution reduces to the well-
known gamma distribution with only one free parameter and this parameter 
becomes energy independent21-24 . Some regularities of charged particle multipli-
city data in pp, pp, 1r±p and K "= p collisions have been studied. Three functions 
have been proposed25 from the fir~t two moments of the distribution which 
are almost independent of energy and have nearly the same value for the above 
six reactions. The Bose type nature of the charged multiplicity distribution has 
also been investigated26. 
The general properties of inclusive reactions, such as scaling, the expo-
nential cut off in the transverse momentum PT have been studied. Recently 
a study has been made on the inclusive cross section for p+p-->1r++X reactions 
at ISR energies. The Lorentz cross section data can also be represented by a 
single scaling variable of the form 71=2 p} xjln(sfs0) for low PT· The experi-
mental data can be repre~ented by the same scaling variable even at high PT27 • 
(d) CosMIC RADIATION 
The cosmic rays consist of a variety of elementary particles Its impact 
on different earthly materials produces several elementary particles and their 
study yields valuable information on nuclear forces. A knowledge of cosmic 
ray flux in space is also important in space research. 
Several investigations have been carried out to correlate the theoretical 
sea level muon spectra with the available experimental data at different 
zenith angles. The vertical sea level muon spectrum at solar maximum has been 
calculated using different models28 •29 and the results agree well with experiments 
by 10% above muon momentum 1 GeV/c. The geomagnetic and atmospheric 
effects can explain the deviation of the Kiel muon spectrum and Calcutta muon 
spectrum. 
The integral and differential sea level muon spectra at zenith angles 45°W 
and 60°W have been calculated30 ·31 and the theoretical results agree well with 
the experimental data above muon momentum I GeV/c. 
The investigation of muon intensity at large zenith angle is necessary for 
the study of spectral shape in cosmic ray phenomenology and geomagnetic 
effects of muons. The phenomenological form has been used to evaluate the sea 
level muon spectra at different zenith angles 0°,45°,60° and 81°32 • A qualitative 
agreement between the theoretical values and experimental results has been 
observed up to 60°, but a deviation is found at 8P above 1.5 GeV(c. This may 
be due to the kaon contribution to the integral flux of muons reaching earth 
at large zenith angles, The integral muon spectra at large zenith angles is cal-
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culated for KJ1r= 0 and Kf1T =0.4. It is found that the calculated muon intensity 
above 0.4 GeVfc agrees with the experimental data for axial zenith angles 75° 
and 81° for K/1r =0.4. This fact indicates that the cor.tribution of muons from 
kaon parentage is higher for muons reaching the earth at very large zenith angles 
(,_.85°). Moreover, the angular distribution of muons above 0.4 GeVfc at large 
zenith angles near the equator follows the trends predicated by earlier theory. 
A study has been made on the influence of long term solar modulation on 
relativistic muon intensity33. The scaling hypothesis of Feynman has been used 
to predict a primary nucleon spectrum at the top of the atmosphere34 ·35 from 
the experimental sea level muon spectrum. The derived primary spectrum 
agrees well with the satellite data within the limits of statistical fluctuations. 
The study of the pion production spectrum in the atmosphere is important 
for the study of cosmic ray propagation in the atmosphere and the shape of the 
sea level muon spectrum in the cosmic ray research. The pion production 
spectrum in the atmosphere is derived by using the recent parameters on the 
high energy inelastic interactions (proton-proton) from machine experiments 
and by using Constant Energy model from the satellite data of nucleon spec-
trum. The derived result36 in the energy range 3-100 GeV is in agreement with 
the results of previous workers. It is also found3 7 that the pion production 
spectrum derived from the scaling hypothesis of Feynman overestimates the 
sea level muon intensity at high energy (above muon energy 100 GeV). 
On the other hand, the pion production spectrum derived from CE model 
fits well with the sea level muon spectrum when the energy dependence of the 
pion inelasticity (K1r) is assumed. 
The sea level proton spectrum has been calculate~38 from the satellite data 
of primary spectrum using Yekutieli's nucleon cascade model and the 
spectrum agrees with the data above momentum 5 GeV/c. The interaction 
parameters yield the absorption cross section of proton-air interaction which is 
in agreement with the measured Extensive Air Shower results in the energy 
range 106-109 GeV. 
The modified Bose distribution of the form E (d 3a/d3p) = Ax y;/ (exp 
E(,\)fT-1) for p+p--+;> +X reactions in the Intersecting Storage Ring experi-
ments at center of mass energy ys=53 GeV, the cosmic ray pion nucleon 
flux ratio in the atmosphere is estimated39 • The invariant pion-nucleon flux 
ratio yields the temperature dependence on energyys in the following way: 
T=0.129 (a infys)0·2117 
II. Nuclear Physics 
In nuclear physics, investigations have been made on the phenomenon 
of ot-decay, scattering of nucleons and electrons by nuclei and nuclear bound 
state problems. 
The study of alpha-radio activity has played an important role in identi-
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fication and classification of nuclear levels for the heavy nuclei. A systematic 
study of the alpha-ray spectra of different elements has been undertaken4oa. 
The study brings out the fact that in .(.-ray spectra there exist both positive and 
negative trends in the log,\ versus E relation. These negative trends run counter 
to the .(.-decay theories of Gamow and others and the discrepancy factor, 
,\ theof ,\ obs, is shown to be in general of the order of I 03 while in some cases 
it exceeds 1013. The analysis suggests that,\ should depend on another para-
meter apart from the energy E, nuclear radius (r0) and charge (z). A method 
of clalculation of the penetration probability of alpha particles, through a 
potential barrier with Woods-Saxon type nuclear field, has been given for 
arbitrary value of the angular momentum of the emitted alpha particles40b. 
Among the various models that are used for an approximate description of the 
situation in nuclear physics the optical model has been quite successful in that 
it combines the essential features of both the independent particle and the com-
pound nucleus models. The optical model has been applied to obtain results 
for the scattering of low as well as high energy nucleons by nuclei41 . Proton-
nucleus scattering has been studied42 in the first Bom approximation with 
nuclear potential of Woods-Saxon form along with a coulomb part arising from 
the uniform charge distribution of the nucleus. For high incident energies the 
spin-orbit interaction has been considered. The s-wave neutron strength func-
tion has been studied using spherical optical model potentials with both volume 
and surface absorption 43-45 . The calculated strength functions plotted against 
mass number are in fair accord with experimental observations. 
In the case of heavy nuclei the influence of the deviation from the spherical 
shape of the nuclei on scattering cross section is found to be considerable46 . 
Investigation has been made to find out the nature of the deformation of shapes 
of various neclei. The phase shifts calculated by Brysk method, with a complex 
potential ofWoods-Saxon form, for the scattering of neutrons by C12 give favour-
able results when the effect of the resonance level is properly allowed for47 . The 
elastic scattering of neutron by deutron has been investigated considering the 
exchange collision possibilities. The Born approximation, as modified by Dirac, 
has been applied48 to take account of the non-orthogonality of the initial and 
final wave functions. The resulting coupled integral equations have been solved 
by the Fredholm method. The theoretical findings for the neutron scattering 
cross section are in good agreement with the experimental results. Eikonal 
approximation has been formulated49 for the study of electron oriented nucleus 
scattering. The branching ratio calculations for the different excited states and 
the expression for the angular distribution of the emitted photons from the 
oriented nuclei in the electron-nucleus scattering have been given. Further an 
improved form ofeikonal approximation has been developed to predict up down 
asymmetry in the collision of polarized electron with oriented nuclei. The 
problem of electron-nucleus bremsstrahlung has been treated50 by representing 
the nucleus as a static mode having charg~ and mag•letic moment distributions, 
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The effect of the magnetic moment is appreciable when the energy of the elec-
tron is of the order of rest energy of the proton and the atomic number of the 
target is small. The circular polarization of the bremsstrahlung emitted in the 
collision of longitudinally polarized electron with a nucleus has been studied51 
by Weizsacker and Williams method. 
The s and p energy eigen values of neutrons within a spherically symme-
trical nuclear potential of Woods-Saxon form have been investigated52• The 
splitting of the neutron energy levels due to spin-orbit interaction has also been 
investigated53 by the perturbation method. The s-wave bound states of neu-
trons in Woods-Saxon potential have been further investigated54 by calculating 
the zeroes of the corresponding S-matrix on the negative imaginary axis of the 
complex k-plane. 
Faddeev equations have been employed to study the three-body neutron-
deutron bound state and low energy scattering problems. A non-local separ-
able approximation to the two-body potential is used55 to compute the triton 
binding energy. For local Hulthen potential the two-body t-matrix is obtained 
in a separable form using the actual deuteron state as the expansion basis. In 
addition to the triton binding energy, the doublet and quartet scattering lengths 
have also been calculated56• For the central Yukawa interaction57, the corres-
ponding two-body t-matrix has been expanded in Sturmian eigenfunctions of 
an appropriate s-wave Hulthen potential.· The soft core repulsion has been 
taken into account in the singlet interaction to calculate the triton-binding 
energy. A new method of approximating the two-body t-matrix, in separable 
form, has been developed58 for general short range central local potentials with 
the help of quadrature formula. An application of this separable form has been 
considered59 for the square well potential for computing the triton binding 
energy. 
The 1\ -d bound state problem has been investigated60 using the Faddeev 
equations for the three body problem. The interesting feature of this work is 
that using only 'no core' two-body potentials, the binding energy of 1\ H3 and 
low energy 1\ -N elastic scattering cross sections can both be adequately fitted. 
A further attempt has been made61 to find out the binding energy of the 1\ np 
system with the interactions between each pair of particles determined by the 
local Hulthen potential. The Hilbert-Schmidt separable expansion of the two-
body t-matrix projects the Faddeev equations into a set of one dimensional 
coupled integral equations. Using this approach the 1\- separation energy has 
been found out for several sets of low-energy parameters. 
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5.2 .(b) RELATIVISTIC COSMOLOGY 
All generally accepted cosmological theories proposed to describe the 
actual universe are based on Einstein's general theory of relativity. To tackle 
any physical problem on general relativity, it is necessary to find an appropriate 
solution of Einstein's field equations. A large number of solutions of the theory 
exist and each solution is called a model of the universe. Some interesting in-
vestigations carried out in this line are described below. 
Solutions of Einstein's gravitational equations, representing a spherically 
symmetric field of pure radiation in an otherwise empty space has been studied1 . 
It has been found that there does not exist any such solution whih is regular 
every where. This result has been interpreted as indicating that, subject to the 
restriction of spherical symmetry, a complete conversion of isolated matter in 
bulk into radiation is not permissible. There are two great difficulties with the 
generally accepted isotropic cosmological models of general relativity. Firstly, 
the models start from a singular state, and secondly the time scale is very short. 
The temporal behaviour of a gravitating system has been investigated under 
general conditions. The preliminary results show that if there be a non vanish-
ing spin relative to the compass of inertia, then under certain circumstances 
there is an oscillatory behaviour between two regular states-and the time scale 
is also sufficiently large. 
The observation that light from distant nebulae suffers a red shift varying 
approximately linearly with distance has found a natural explanation in the 
expanding cosmological models of general relativity. These models are usually 
assumed to be isotropic and homogeneous and if the history of these models is 
traced backwards in time, it is found that they originate from a singular state 
of infinite density and give for the age a value less than that demanded by 
numerous geological and astrophysical evidence. In an attempt to remove the 
difficulties, the temporal behaviour in general rotating universe has been in-
vestigated2. It has been found that one can indeed obtain a model which is 
free from any singular state. 
The Einstein gravitational equations have been integrated for a perturbed 
cosmological model assuming that even after the perturbation, the model allows 
a spherically symmetric co-moving co-ordinate system and at the discontinuity 
the jump conditions given by O'Brien and Synge are obeyed. It has been founds 
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in this case that the density differences grow too slowly to account for the con-
densation of the type actually observed in the universe. 
Heckmann and Schucking have considered a Newtonian cosmological 
model assuming that the distribution of matter is homogeneous and that the 
velocity is a linear function of the spatial coordinates. The Work of Heckmann 
and Schucking has been extended to a more general case4 and a comparison 
has been made between relativistic and Newtonian possibilities. 
In the field of cosmology, it is usual to take spatial isotropy as a basic postu-
late. A solution of the Einstein gravitational equations has been found5 which 
is cosmologic in the sense that it extends through all space and the world lines 
of matter form a coherent pencil of geodesics. The solution is, however, not 
spatially isotropic althogh the distribution of matter is uniform and as the time 
coordinate diverges, the solution asymptotically tends towards isotropy. 
If one assumes that the cosmic matter is rotating relative to the compass 
of inertia and the expansion is isotropic, then there exists in the past history a 
minimum in the volume of any element of cosmic fluid. It has been found that 
the minimum density closely corresponds to the density required in the Alpher-
Bethe-Gamow theory of the origin of nuclei. 
Tolman deduced a relation for the change of radiation density in the 
universe with time assuming the constancy of a certain function while Alpher 
and Hermann obtained a different relation for the same change under the 
limiting circumstance of extremely high density. Both these deductions were 
for isotropic and homogeneous methods. However, the relation has been obta-
ined6 quite generally without the assumptions and approximations needed by 
previous authors. 
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5.3. SOLID STATE PHYSICS 
VARIOUS problems of Solid State Physics related to crystal structure, phase 
transition in solids, lattice dynamics, defects in solids, transport and static 
properties of conducting solids etc. have been investigated in the different 
departments of the A<>sociation. In the following sections some significa,nt re-
sults are described. 
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I. X-ray crystallography 
(I) CRYSTAL STRUCTURE 
The various properties of solid crystalline materials depend primarily 
on the atomic arrangement inside the crystals. Crystal structure analysis, there-
fore, forms an important branch of solid state physics. Crystal structure can 
be determined from the X-ray diffraction pattern of crystals and various other 
methods. 
Proposing trial structures consistent with the optical and magnetic pro-
perties of the crystals and refining these rough structures by successive Fourier 
summation, the crystal structures of phenanthrene!, chrysazine (I, 8-dihy-
droxyanthraquinone2) and napthazarin3 were determined. Patterson and 
Fourier methods were used for the analysis of the crystal structures of 3, 5 
dibromo-p-aminobenzoic acid\ thio-di-glycolic acid5, palladium (II) bis-
biguanide perchlorate6 and p, o-amino and 3-nitro-4-hydroxyphenylarsonic 
acid7• Fourier transform method backed by Patterson and Fourier summation 
was applied8 for determining the crystal structure of xanthone. Using the 
siga relations between structure factors and Fourier projections, the stmcture 
of the .(.-modification of ( 4: I : 3) chloro-dinitrobenzene was determined9 • A 
series of metal complexes of biguanide has been studied10 to obtain preliminary 
crystallographic data. The main structural features of Zn(Cl04 ) 2, 6H20 in 
which some of the atoms do not occupy the same positions but are situated at 
different probable alternative sites in the different parts of the crystals, have 
been analysedll. 
Apart from the structures of the crystals determined from single crystal 
X-ray diffraction patterns mentioned above structures of a few substances, 
whose single crystals could not be grown, were investigated from their powder 
diffraction patterns. The crystal structure of Co(KS04 ) 2 , 2H20 was deter-
mined by this method12. An application of Lipson's difference method has 
been made to the crystal system of BaBOF l 3 in order to determine the possible 
structure. In this structure it has been observed that each boron atom is surround-
ed by three fluorine atoms and one oxygen atom, forming a nearly regular 
tetrahedron. 
(2) X-RAY DIFFRACTION STUDY OF GLASS SYSTEMS 
There existed a controversy regarding the mechanism of the growth of 
colour in glass containing various noble metals as dispersoids. This controve1·sy 
could not be settled from microscopic and other studies. X-ray diffraction 
studies were, therefore, applied to B20 3 glass14 containing NaCl dispersoids. The 
glass systems like B20 3 (boric anhydride) glasses containing varying percentag-
es of NaCI, KCI and RbCl up to about 12%, borax and B20 3 glasses contain-
ing platim1m and gold up to about 1·8%, soda-silica glass (Na20-Si02) 
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having Au and Ag dispersed in it, and borax and B20 3 glasses containing Ag 
and AgCl dispersoids were systematically studied15- 18 . The general results deriv-
ed from these studies showed that the dispersoids were present in the glass 
matrix as small crystallites even for very small concentrations of them and the 
structure of the glass bases changes drastically with the increase of the concen-
tration of the dispersoids. 
(3) STRUCTURE OF AMORPHOUS AND SEMI-CRYSTALLINE MATERIALS 
The structure of different varieties of coals, which are non-crystalline 
amorphous substances, was the subject of investigation of many research 
workers all over the world. X-ray diffraction photographs of a number of 
Indian bituminous coals were compared19 with the photograph of carbon black 
and they were found to be identical. The patterns, however, showed the pre-
sence of a new narrow band at 7.17 A while the band at 2.13 A reported by 
other workers was absent. The structure of these coals was made of carbon rings 
completely randomly arranged as in amorphous carbon. A few organic sub-
stances carbonised under a pressure of 100 atm. at temperatures between 
300aC and lOOOaC were studied20 • The X-ray diffraction photographs showed 
a band, the maxima of which have an average spacing of about 5 A. This is 
slightly longer than the corresponding band observed for vitrain and anthracite 
coals. This showed that carbonisation at moderately high pressures and tem-
peratures yields a product almost similar to coal. 
The studies on semi-crystalline materials other than coal by X-ray diffrac-
tion method included a few Indian vegetable fibres21 •22 . In natural fibres, the 
crystallites of cellulose, which are of very small size are arranged at various 
angles with the fibre axis within a range of angles and between these crystallites 
there are deformed regions and voids and these affect considerably their physico-
chemical properties. From the studies on Indian vegetable fibres the size and 
orientation of the crystallites in these fibres were estimated qualitatively20 . 
The dimensions of the inter-crystalline regions of Chukai, Mesta, Sida etc. 
from the breadth of the X-ray diffraction lines of gold and silver, which were 
dispersed in them, were also determined24 . 
(4) STRUCTURAL TRANSFORMATION IN CRYSTALS 
X-ray diffraction studies on the structural transformation in a few substances 
were undertaken. Anhydrous Na2S04 has different forms and the form Na2S04 
III was studied25 • This was shown to belong to the tetragonal system and its 
axial lengths were determined. Similar studies were extended to sodium diborate 
decahydrate (borax) 26 • The dehydrated products of orthoboric acid were also 
studied by the x-ray diffraction method27. Chrome alum, when cooled down 
to 170°K, was found to change to a rohmbohedral structure from the cubic 
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structure at room temperature28. Structural transformation in alloy phases (€,y-
Cu4Cd3 and [3-[3' CuSn) has also been studied29 from powder photographs as 
well as diffractometer data. An X-ray investigation with Ag-Cd alloy system 
confirmed the presence of a new [3' phaseao. 
Apart from the study of structural transformation in solids due to a change 
of temperature, the crystal structure of a few substances which are liquid at 
room temperature has been studied by the powder diffraction method at 90°K. 
Unit cell dimensions and space group of toluene31, chloro- and bromo-benzene32, 
two modifications of pyridine3a, cyclohexanone34 and ortho-, meta- and para-
xylene35 have been determined. 
(5) X-RAY SCATTERING IN RELATION TO CRYSTAL DYNAMICS 
The correct theory of scattering of X-rays by a thermally vibrating crystal 
was first developed by Faxen and later by Waller. The results of these theories 
showed that apart from the decrease of the selective Bragg reflexion intensities 
with the increase of temperature, there ought to be a diffuse background 
scattering with maxima and minima in this background. 
(5a) DIFFUSE BACKGROUND SCATTERING 
In an earlier work on the thermal diffuse scattering of X-rays from single 
crystals the diffuse streaks and spots observed in the Laue photographs of 
benzil were studied36. The weak diffuse streaks corresponded to continuous 
scattering domains which were planes normal to the crystallographic axes. 
Later, from the observed intensity distribution in the diffuse spots the equi-
intensity lines around the Bragg reflexion positions were mapped and it was 
shown that the shapes of the scattering domains were in ag1·eement with the 
Faxen-Waller theory37 • The intensity of the thermal diffuse scattering for 
long waves i.e., for positions very close to the Bragg reflexion positions is due 
to the accoustic waves and is related to the elastic constants of the crystals. 
Thus from the absolute intensity of the diffuse scattering at the vicinity of the 
Bragg reflexions, the elastic constants can be evaluated. This method was used 
to determine the elastic constants of chrysazine38 and anthr<>.quinonc39. On the 
other hand, the cqui-intensity lines around the (200) Bragg rcflexions ofNaCl03 
were calculated from the known elastic constants4°. 
(5b) DEBYE-WALLER TEMPERATURE FACTORS 
Debye from his theory had predicted that the intensity of Bragg reflexions 
is reduced by a factor exp( -B Sin28xfl..2) where, Bx is the Bragg angle, 1.. is the 
wavelength used and B is a constant which is proportional to the mean square 
displacement of the atoms from their mean positions, known as the Debye-
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\Valier (D-W) factor. In order to get an idea of the atomic displacements, 
this factor has been determined from the observed intensities of the Bragg 
reflexions at different temperatures by the earlier workers for some cubic 
simple structures. The results of these measurements showed that the variations 
of D-W factors with temperature are in agreement with Debye's expression 
for monoatomic cubic crystals. But for polyatomic and non-cubic crystals there 
were discrepencies, due to the fact that Debye's theory assumes the crystal to 
be an isotropic continuum and a parabolic frequency distribution of thermal 
waves. Thus it appears that D-W factors calculated from the detailed frequency 
distribution of the thermal waves are likely to be more accurate. Such calcula-
tions of the D-W factors of alkali-halides from the theoretical frequency distri-
bution have been carried out41 and these values have been compared with the 
available experimental values. The Debye characteristic temperature 6, con-
tained in this D-W factor for the three compositions of AgCd system has been 
determined42 from a temperature variation of the intensity of high angle diffrac-
tion lines. 
(6) STUDIES ON DEFECTS IN SOLIDS 
It is now well-established that various types of lattice imperfections or 
defects exist in crystalline solids, and the concept of perfect crystal is a mere 
idealisation. In recent times powerful and sophisticated experimental techniques 
namely, transmission and scanning electron microscopy (TEM & SEM), field 
ion microscopy (FIM), X-ray topography, decoration and etch pits etc. have 
been developed which offer direct visualization of the microstructure as well 
as defects even in the atomic level. 
Defects play a prominent role in modulating various physical and mecha-
nical properties of solids and a large volume of work has been done on the 
defect studie~ in solids. 
(6a) INTERNAL FRICTION MEASUREMENTS IN ALLOYS 
The 'internal friction' which is a manifestation of the anclastic properties 
of solids, has become a powerful tool in the past few years to study the charac-
teristics of various types of defects. Of the three main sources of anelaslcity, viz. 
thermoelastic effect, magneto-elastic effect and defects within the lattice, it 
has been observed, from a large number of experimental works, that the internal 
friction effects are due to various types of mechanisms involving stress induced 
ordering of point defects, dislocation motion, grain boundary, precipitates, etc. 
Extensive measurements on substitutional alloy systems namely Ag-Cd, Cu-Al, 
Al-Mg, Cu-Ni, Au-Ni to study Zener relaxation, dislocation damping and 
clustering of impurity atoms have been made43- 50• A quantitative analysis51 on 
Al-Cu alloys has yielded information as regards dislocation loop length, density 
128 A CENTURY: INDIAN ASSOClATlON l'OR 1'l-IE CUtTIVATlON Or' SCIENCE 
of dislocation, binding energy between solute atoms and dislocations and all 
these have been discussed in the light of dislocation damping theory of Granato 
and Lucke. Apart from these, internal friction measurements also provide 
quantitative estimates of energies involved in the movements and interactions 
of defects. 
(6b) THEORETICAL AND EXI'ERniE:\TAL STl'DIES 0"' POII';T DEFECTS 
Point defects play an important role in rationalizing phenomena such as 
electrical conduction, diffusion or mass transport, colour centre aggregation etc. 
in solids. 
The theoretical works carried out concern the lattice dynamical calcula-
tion in ionic crystals containing defects which give rise to a change in the 
clastic spectrum of the solid. These calculations mainly rest on the eyaluations 
of entropy and energy of formation of vacancies and vacancy pairs in some 
alkali halide crystals. The entropy of formation of vacancies and vacancy pairs 
in KCl has been computed52•53 using the appmach of Theimer and Boswarva, 
and Lidiard. This approach had led to a fair agreement with the experiment. 
Contributions of repulsive, Van der Waals and also three-body interaction 
forces arising out of a deformation of the charge cloud have been considered54.56 
and applied to a large number of alkali halide crystals. The energy of formation 
of Schottky defects in some ionic crystals56 •57 has also been calculated with a 
fairly satisfactory agreement with experimental observations. It has been con-
cluded from these theoretical studies that in order to make a realistic estimate 
of these parameters to characterize the point defects, one must consider (i) both 
clastic and electric displacements, ( ii) anharmonic effects, (iii) the nearest 
neighbours contributions, (iv) shortrange Van der Waals forces and (v) the 
three-body interactions which account partially the many body effects. 
The experimental work on solid diffusion and quenching 'in metals by 
resistometric method has been carried out. The measured diffusion coefficient 
and activation energy of tin in copper and lead in silver are in good agreement5B 
with the earlier measurements done by the conventional radioactive tracer 
technique, the advantage over the latter method being that the sectioning of 
the sample has been a voided. 
(6c) X-RAY DIFFRACTION STUDIES ON DEFECTS IN DEI'ORMED METALS, ALLOYS AND 
VAPOUR-DEPOSITED THIN FILMS 
The studies on X-ray line profile analysis form an important tool in looking 
at the micro-structure of solid both in a quantitative and qualitative manner 
in terms of (i) various types of stacking faults (intrinsic, extrinsic and twin) 
in f.c.c., b.c.c. and h.c.p. lattices, (ii) coherently diffracting domains or particle 
sizes (analogous to mosaic blocks), (iii) inhomogeneous micro-strains within 
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these domains, (iv) long-range residual stresses, (v) lattice parameter changes, 
(vi) density of dislocation and (vii) stacking fault energy. Some significant 
experimental and theoretical observations59-79 are reported here. Counter 
diffractometer has been employed and a large number off.c.c. alloys containing 
both transitional and non-transitional solutes (Ag-Cd, Ag-Zn, Ag-Mn, Ag-Sb, 
Ag-Pd, Ag-Ga, Ag-Ge, Cu-In, Cu-Sn, Cu-Mn, Cu-Ni, Cu-Ga, Cu-Sn-Zn and 
Cu-Sn-Ni), hexagonal metals and alloys (Ti, Zr, Mg, Zn, Ag-Sb, Cu-Ge) and 
b.c.c. metal molybdenum have been studied and compared with available 
electron microscope observations for the overall correspondence in the micro-
structural aspects. In case of alloys, the prominent role of solutes in modulating 
the micro-structural behaviours has been distinctly observed from the large 
accumulated data. The possible slip systems in hexagonal metals of importance 
have been suggested. The work has also been extended to the studies on vapour-
deposited silverso-s2, copper83, zinc and lead films in the range of thickness 500 to 
5000 A. The large concentrations of growth twin stacking faults and increased 
residual stresses in silver and copper films in the thin range are the most signi-
ficant observations. 
The theoretical work on the application of line breadth studies has been 
undertaken in a series of investigations84• Since the actual form of distribution 
of the various parameters involved in the process is not known precisely, the 
application of convolution principle has been made considering various types 
of distribution functions (gaussian, cauchy, double-square, exponential etc.) 
for the instrumental and true diffraction profile resulting from imperfection 
contents. It has been possible to ascertain more exact type of distribution func-
tions from a very good correspondence in the intensity distribution between the 
theoretical and experimental diffraction profiles. 
(7) LATTICE DYNAMICS 
The study on the thermal expansion of solids which arises mostly as a 
result of anharmonicity in lattice vibrations is important in understanding the 
interatomic forces. In a programme of experimental work on thermal expansion 
studies in binary alloys at high temperatures measurements have been carried 
out for a large number of silver-base and copper-base alloyssS-93 with a view 
to gaining insight into the solvent-solute interactions responsible for lattice 
vibrational effect. The thermal expansion coefficient of p-nitroaniline, o-amino-
benzoic acid and diphenyl between 300°K and 90°K was also determined94 • 
Some theoretical works have also been carried out. The interatomic potential 
function of Morse type has been applied95•96 to describe the harmonic as well 
as anharmonic properties of the well-known ordered Cu3Au and Au3Cu super-
lattices considering nearest and next-nearest neighbour interactions. 
The effect of anharmonicity on the intermolecular potentials derived 
from crystal properties (using Einstein approximation) has been considered97, 
9 
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the results of which show that the intermolecular potential can no longer be 
considered as pairwise additive. As the calculation of anharmonic properties for 
realistic models of solids is beset with tremendous computational difficulties, 
a simple Einstein model has recently98 been considered to investigate the 
effect of anharmonic terms in the case of a single oscillator. 
(8) MISCELLANEOUS STUDIES 
From rotation photographs taken before and after the routine purificatory 
chemical treatment (by HF and HCI) of natural crystals of graphite, it has been 
established85 that such treatment enhances the misalignment already present 
in these crystals. Effect of such enhancement of misalignment on electrical 
properties of graphite has been demonstrated86• From the intensity distribution 
along the extension of the basal spots in the rotation and Weissenberg photo-
graphs, a method for estimating the degree of misalignment in natural crystals 
of graphite has been evolved87• 
II. Non-Conducting Sollds 
(1) CRYSTAL MAGNETISM 
The prevalent views on paramagnetic behaviour of the transition metal 
ions in crystals were critically examined and it was shown that99- 102 the magnetic 
behaviour of a given ionic cluster, particularly the anisotropy, depends on (1) 
the stereochemical constitution of the ligand cluster, (2) the constitution and 
arrangement of the atoms outside the ligand clusters, and (3) the manner in 
which all these are packed in the lattice of the crystal. Various experimental 
methods were designed103 for the study of paramagnetic ions and testing Van 
Vleck's theories. 
A large number of isomorphous single crystals of Tutton salts of Cu2+, 
Ni2+, Co2+, Fe2+ of space group C2h 5 , all having octahedral hexaquo-coordina-
tion of the paramagnetic ion, but with different distant atoms99 •10l,l04, were 
studied. The results indicated appreciable effect of the differences in long range 
structure of the salts of a particular ion, upon the anisotropies and to a lesser 
extent on the mean susceptibilities. Even more interesting was the fact that 
for any particular salt the temperature variation of anisotropy and to some 
extent of the mean susceptibility departed appreciably from the theoretical 
predictions evidently owing to thermal changes in the ligand fields caused by 
changes in crystal packing. 
In general, it was found that the magnetic ellipsoids in the crystals changed 
their orientation with temperature, with respect to the crystallographic axes, 
sometimes by as much as 20° to 50°, again an effect of packing. 
A large number of isomorphous alums of Cr3+, V3+ and Ti5+ belonging to 
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the cubic class pa3 with octahedral H 20 ligand clusters about the metal ions 
showed systematic differences in mean susceptibility behaviours from salt to 
salt and with temperature, showing that even the cubic field depends to some 
extent on long range structure and temperature. 
Using the molecular orbital approach and several modified perturbation 
techniques, the energy state problems of all the ions of the 3d transition series 
namely Ti3+, V3+, Cr3 +, Mn3+, Fe2+, Co2+, Ni2+ and Cu2+ have been solved104-109 
to a sufficiently high degree of approximation. The theories for octahedral, 
tetrahedral, planar, decahedral, square pyramidal and trigonal bipyramidal 
cases of coordina tion have all been worked out and compared with the data 
for corresponding salts. The works also include the study of magnetic behaviour 
of dimeric complexes of Cu2+, linear chain system having sufficient exchange 
characteristics, some rare earth complexes and effect of configurational inter-
action and covalencyll0-117. 
Since the x-ray structural data were found very necessary for the unique 
correlation between crystalline and ionic magnetic properties, the structural 
analysis of a number of typical crystals showing particularly anomalous thermal 
magnetic behaviours and peculiar new kind of phase transition was undertaken. 
For an adequate picture of the crystalline interactions and the energy 
states, as related to the various structure sensitive electronic properties of 
the crystals a complete correlation behaviour, susceptibility, e. p. r. and optical 
data are essential. The absorption spectra of a number of pure and doped 
paramagnetic crystals, down to liquid H 2 temperatures, have been recorded 
with the aim of studying the Zeeman splitting of the levels under high pulsed 
magnetic field of about I 05 oersteds and of millisecond duration118 •119 • 
E. p. r. studies have been made with a K-band spectrometer. A general 
convenient algebraic method of orientational correlation between the crystal-
line and ionic g-tensors, from the e. p. r. signals in three convenient natural 
planes in the crystal, has been developed120. Investigations121 have been under-
taken of spin-phonon, dipolar, exchange and hyperfine interactions as mani-
fested in the linewidth and shape of the e. p. r. signa ls for a number of differently 
coordinated Cu2+ salt, and interesting information on the covalency reduction 
of the spin orbit coupling and the orbital moment in crystals has been obtained. 
The picture of energy levels of paramagnetic ion in a crystal obtained from 
a coordinated study of x-ray structure, magnetic susceptibility, e. p. r. and optical 
absorption spectra over wide ranges of temperature, does not fit with that ob-
tauled from the existing theory. The observed discrepancies can not be explained 
considering changes in the ligand fields due to normal thermal expansion of the 
lattice, which is of the order of 10-6 cmfdegree. In a number of cases, a single 
set of theoretical ligand field parameters including Dq, the cubic field splittmg 
parameter, [::,, the asymmetric field splitting patarneter, ~' the spin orbit 
coupling patameter in cystal, K, ·the otbital reduction factor, R, the spin-orbit 
reduction factor, etc., is not able to fit uniquely the magnetic data at all tempera-
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tures. In a few substances, the anisotropy parameter had to be changed by as 
much as 30 to 100 per cent over the entire temperature range to give sufficiently 
good fitting. In Ti3+ alums, /::,. changed from 800 cm-1 to 170 cm-1 when the 
temperature was changed from 300°K to 40°K. This observation was in agree-
ment with results of relaxation time mesurements. 
In several other cases, where lack of sufficient independent supporting data 
prevents the actual calculation of anisotropy parameters at different tempera-
tures, it could be shown that the experimental values deviated systematically 
at low temperatures often by as much as 15 to 30 per cent from the values, 
calculated using a single set of most reasonable parameters fitting at room tem-
perature. 
In a few suitable cases, using e. p. r. probing method it was possible to show 
directly that the relative orientations of the paramagnetic complexes in the unit 
cell as well as the principal g-tensor values changed considerably with tempera-
ture. It was also interesting to note that all these changes were resversible 
with temperature. 
Finally, several salts were found to give breaks or singularities in the 
anisotropy or mean susceptibility curves against temperature, which are perfectly 
reversible or show a small thermal hysteresis loop round the region of the break. 
In these cases the x-ray investigations invariably show some kind of reversible 
atomic rearrangement or even a phase transition in the crystal below the break 
temperature in the susceptibility curve. For example, chrome alum crystal 
having a sharp well in the mean moment square curve at 192°K, is reversibly 
changed from cubic to rhombohedral system (a=88°). In CoSiF4 • 6H20, 
with a break in anisotropy curve near 250°K, a reversible change from rhombo-
hedral to monoclinic system is observed. In [(CH3) 4 N2] CuBr4 a reversible 
transition occurs at 238°K with a sharp reversal of the maximum and minimum 
susceptibility axes, accompanied by changes in ligand coordinates, but with 
no apparent change in crystal symmetry. A fair amount of strain develops in 
the crystals during all these transitions and they may be shattered if repeatedly 
and quickly cycled through the transition temperature. In another series of 
hydrated perchlorates the anomalous magnetic as well as Mossbauer results in 
Fe2+, Co2+ were explained to be due to changes in the crystal packing at critical 
temperatures. 
In all these cases the ligand field parameters also undergo drastic changes 
with temperature particularly at transition. Some of these crystals contain 
water or other dipoles as ligands and in such cases (e.g. chrome alum) an 
electric dipole ordering, changing drastically the ligand field, may be responsible 
for the paramagnetic transition. It is to be remembered that all these crystals 
are highly diluted magnetically and hence magnetic Curie or Neel temperature 
transitions in them will be in the sub helium region, and hence have nothing 
to do with the present anomalies. 
In some of these cases with a degenerate orbital doublet state lying lowest 
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under a trigonal ligand field, the anomalous behaviour may arise out of a 
transition from dynamic to static Jahn-Teller mechanism 'at low temperatures. 
For example in Cu(bipy) 3 nitrate, e.p.r. g-value is almost isotropic (g11 =g.l = 
2·114) at 300°K but at 77°K the complex develops strong axial anisotropy with 
g11 =2·268 and g.l =2·046. Cu (bipy) 3 sulphate and CuSiF4. 6H20 behave very 
similarly. Optical absorption spectra and magnetic anisotropy measurements 
are consistent with these results. The most plausible explanation in these cases 
as obtained from laborious and exact calculations is as follows. The trigonal 
lattice field introduces some inequivalency in the otherwise equivalent dynamic 
J. T. distortion along the three principal ligand distortions. At sufficiently high 
temperatures the thermal energy of the complex can override the three J.T. 
potential barriers with almost equal probability so that the g-value will be 
almost isotropic. At a sufficiently low temperature, the population of the three 
wells depending on their depths, one of the wells corresponding to the axial 
inequivalency will be much more populated, so that the g-value will become 
strongly anisotropic, even though the ligand field levels may themselves remain 
unchanged with temperature. 
(2) SoLID STATE SPECTROSCOPY 
The solid state spectra at low temperature (up to l6°K) of various single 
crystals have been studied with a high resolution grating spectrograph (Zeiss 
PG S2), a double-beam recording spectrophotometer and an arrangement 
for producing high pulsed magnetic field of the order of 100 K Gauss122 ·123. 
In a series of investigations, the optical absorption, fluorescence and 
Zeeman effect of single crystals of inorganic and organic complexes were 
studied. The inorganic compounds studied are some transition metal complexes 
like covalent hexacyanide complexes123·124 ofCrS+, Mn3+, FeS+etc., and CsCdCl3 
doped with Cu2+, Fe2+126, Cu acetate, K 2Ni (CN) 4, K 4Mo(CN) 8• Some organic 
compounds like benzil12B, benzil doped in stilbenel27, thiobenzophenon doped 
in benzophenon125, 5-pyridil and pyridil doped in stilbene129 were also studied. 
These studies have further been extended to rare-earth complexes like Pr3+, 
Nd3+ dope K La (EDTA), 8H20 and the rare-earth-antipyrine triiodide com-
plexes with the rare-earch Ho3+, Er3+, Nd3+ Pr3+, Tm3+, Yba+. Zeeman effect 
measurements130 on the narrow band spin forbidden transitions4~-2E and 
4A2 - 2T 1 and 4~-2T 2with a magnetic field of 92 KG are very interesting. 
m. Conducting Solids 
In order to understand the behaviours of conducting solids, the principal 
magnetic susceptibilities and transport properties like principal electrical conduc-
tivity, magnetoresistance, Hall effect and thermoelectric effect over a wide 
range of temperature were investigated. The specimens investigated were in 
134 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
the single crystal form and were either semiconductors, semi-metals, or solids 
behaving like semiconductor. 
(I) MAGNETIC PROPERTIES 
The systems investigated are either semiconducting or semi-metallic and 
these are dia-, para-, ferro- or anti-ferromagnetic. 
The special semiconducting systems investigated are the single crystals of 
molybdenite (MoS2), tungstenite (WS2), hematite (Fe20 3), ilmenite (FeTi03) 
and nine different varieties, depending on colour and polytoypism, of silicon 
carbide (carborandum, SiC) wolframite (FeMn) W04, and bismuth telluride. 
The diamagnetic susceptibility and anisotropy of molybdenite131 are tempera-
ture sensitive. This has been attribtited to the existence of free charge carriers 
in it, whose number varies with temperature. From an analysis of the contri-
bution of the carriers it has been concluded that in addition to the intrinsic 
thermal excitation of carriers from valence band there are excitations from 
impurity and other sources, some of these latter excitations having taken place 
at very low temperatures. The band gap and the various activation energies 
and the temperature coefficient of the band gap have been evaluated on the basis 
of the a hove model. The absence of spin paramagnetism of the carrier has been 
attributed to the special nature of the effect of lattice field on the movements 
of the carriers. The observed paramagnetism of tungstenite132 was analysed 
under very restricted conditions, with the theory for compounds of iron group 
of elements assuming the field to be of uniaxial symmetry. The large 
anisotropy and other magnetic behaviours of the substance were qualitatively 
explained. The origin of anisotropy in different varieties of silicon carbide 
has been attributed to the distortion caused by the stacking sequences of the 
carbon and silicon layers of the tetrahedra. Presence of impurities as well as 
distortions have been shown to be responsible for differences in the values of 
susceptibilities of different samples. The temperature dependence of diamagnetic 
susceptibilities indicates existence of carrier magnetism. From an analysis of 
the observed temperature variation of diamagnetic susceptibilities of bismuth 
telluride134, the carrier part of its magnetism which turned out to be para-
magnetic, could be separated. The magnetic behaviour of the substance has 
been completely explained. Wolframite135, a mixed crystal of Fe2+ and Mn2+ 
ions, behaves like a semiconductor exhibiting high ionic paramagnetism and 
carrier magnetism present in it is completely masked by ionic paramagnetism 
and cannot be ~eparated from the observed values of paramagnetism. This 
ionic paramagnetism has been thoroughly investigated with single crystals. The 
magnetic behaviour of different types ofwolframite has been obtained by assum-
ing a perfect Curie law and magnetic isotropy for Mn2+ in this mixed system. 
Both spin orbit coupling coefficient and the effective orbital reduction factors 
along and perpendicular to the trigonal axis of symmetry of the ion are reduced 
RESEARCH CONTRIBUTIONS 135 
aniostropically from its free ion value indicating anisotropic overlapping of the 
central charge cloud of Fe2+ (3d6) with sand p charge clouds of the surrounding 
oxygen ligands. Inferences have been drawn regarding the marked variation 
of the anisotropic ligand field with temperature. It has been shown that the 
observed ferromagnetism in hematite136 is due to the superposition of a weak 
ferromagnetism over its fundamental antiferromagnetism. In case of very pure 
hematite sample a sharp change in magnetic properties has been observed at 
about 250°K and this has been ascribed to change in the direction of spin 
alignment. Ferromagnetic exchange was calculated from the Neel temperature 
and susceptibility at the Neel temperature. Ferromagnetism (or rahter ferri-
magnetism) of ilmenite137 which contains an appreciable amount of hematite, 
has been shown to be due to the existence of hematite rich solid solution with 
ilmenite. The permanent change in the values of magnetisation on heat treat-
ment has been shown to be due to removal of internal strains by the process. 
The susceptibilities of several graphite samples13B and their temperature 
variations have been determined , taking into account the misalignments known 
to be present in these samples. 
From a consideration of magnetic anisotropy of graphite and its temperature 
variation in relation to its specific heat data at low temperatures, its different 
electronic parameters like carrier number, effective mass, degeneracy tempera-
ture etc. have been theoretically estimated. 
(2) TRANSPORT PROPERTIES 
The transport properties investigated are the electrical transport properties, 
namely, principal electrical conductivities, magnetoresistance, Hall effect 
and thermoelectric power of single crystals of semi-metallic and semi-conduct-
ing specimens like graphite, molybdenite, bismuth telluride, nine different 
varieties of silicon carbide, tungstenite wolframite, hematite and ilmenite within 
the temperature range 80°K to 1 000°K. The influence of defects, specially 
the structural defects, on some of these properties have also been investigated 
in cases of a few specimens. 
(2a) GRAPHITE 
A measurement on the principal electrical conductivities of graphite139 
has been carried out. It has been shown that in addition to its high anisotropy 
of conductivity, graphite behaves like a metal (conductivity of the order of 
l 04 Q-1 cm-1) for currents along the basal plane while in perpendicular direc-
tion it behaves like a semi conductor (conductivity of the order of lQ-1 cm-1). 
The amount and extent of structural defects (misalignments) have been deter-
mined by x-ray diffractometric method. Investigation has been carried out 
to study the different principal transport properties of graphite crystals at 
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different magnetic fields and temperatures and to determine simultaneously 
the structural defects present in the samples. From these investigations it has been 
established that there is a close association between the misalignment and the 
transport properties. 
Graphite being mainly a two carrier system, mobilities and number of 
carrie~ had to be calculated by combining the results of conductivity, Hall 
effect and magnetoresistance measurements and it was observed that in addition 
to the temperature dependence of these parameters, there was a magnetic field 
dependence. This phenomenon has been shown to be an apparant one and 
a phenomenological explanation based on the assumption of the existence 
of a distribution of average velocity of the carriers has been put forward. 
Further, anomalous behaviour in the magnetic field variation of Hall effect 
of graphite at low temperatures involving sudden sharp rises or similar falls 
and other such anomalous behaviour leading in most cases to changes of 
sign of Hall effect, has also been shown to be the simple consequence of the 
existence of distribution of average velocity of carriers and the sample to 
sample variation of these anomalies to the existence of misalignments in 
graphite. 
Ratios of magnetoresistance for two transverse positions of graphite have 
been shown to indicate the relative amounts of misalignments in the samples. 
General theory of magnetoresistance giving its relationship with mobility has 
been shown to be not applicable in the anistropic system as in graphite. ]one's 
theory for such cases has been suitably modified and magnetoresistance has 
been successfully utilised to deduce independently anisotropy of conductivity. 
It has further been shown from these considerations that holes and electrons 
are not of equal importance for transport behaviours along and perpendicular 
to the basal plane. Elaborate measurements of principal thermoelectric powers 
of graphite indicate that there is practically no anisotropy and that it is negative 
in both the crystallographic directions. These findings are entirely against 
those of all earlier workers. The temperature variation oft.e.ps. show anomalous 
results with some singularities in the temperature curve which change from 
sample to sample containing different amounts of misalignments and the pheno-
menon has been associated with the peculiar temperature variation of mobilities 
due to uncertain response to temperature of the scattering at the grain boundaries 
of the misaligned crystallites. However, from these results mobility ratios and 
Fermi energy have been calculated and these are in good agreement with the 
results obtained from other observations. From a theoretical an.alysis of the 
soft x-ray spectroscopy data and low temperature specific heat data, the appro-
priate Brillouin zone of graphite has been shown to be the one containing 4 
electrons per carbon atom of graphite. This envisages the existence of interaction 
between 7T and a electrons and was therefore against all ideas on the subject 
existing then, according to which the 3-electron or !-electron zone should 
be the appropriate one for graphite. 
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(2b) SEMICONDUCTING SPECIMENS 
The electrical transport properties of some single crystals of semiconducting 
specimens have been studied. Molybdenite140 has been found to be a highly 
anisotropic p-type semiconductor at room temperature, the anisotropy of con-
ductivity being about 103 • Hall coefficient and thermoelectric power are very 
high and these change sign at about 800°K. From analysis of the observation 
on transport properties, molybdenite specimens were found to contain some 
acceptor type impurities which start getting ionised as the temperature is raised 
till about 450°K when all the impurities are ionised and then the number of 
carriers remain constant up to about 600°K after which intrinsic excitation from 
valence to conduction band starts. The different carrier parameters were 
deduced. The mobility of electrons have been found to be twice that of holes 
and this immediately explained the reversal of sign of Hall effect and t.e.p. 
at high temperatures. The difference in the nature of temperature variation 
of conductivities along two principal directions has been ascribed to the existence 
of stacking faults and other defects. Magnetoresistance of molybdenite shows 
some very anomalous and interesting features14o. Magnetoresistance is negative 
and contrary to the result expected for the type of crystal (hexagonal, layer 
lattice), it is maximum when magnetic field is perpendicular to the c-axis. 
From an analysis of the data at different temperatures it has been proved 
that the observed magnetoresistance is a resultant of a positive effect relevant 
to its structure and a negative one due to impurities, most of which are capable 
of being annealed. Molybdenite has been found to be a symmetrical varistor 
for both the crystallographic directions and the effect of temperature on the 
varistor characteristics has also been investigated. From an analysis of the results 
of transport property measurements of both p-and n-type specimens of 
bismuth telluride141 it has been concluded that all impurity centres are ionised 
at very low temperatures (below 90°K) and therefore the number offree charge 
carriers remains constant in the extrinsic range i.e. up to 250°K and thereafter 
carriers are produced by intrinsic excitation. The different carrier parameters 
have been deduced from the results of these measurements. Wolframite, which 
is a p-type crystal of monoclinic class, is a symmetrical varistor and this property 
tends to disappear at higher temperatures. Electrical conduction phenomena 
at lower temperatures are due to the presence of impurity levels and at higher 
temperature due to excitation by intrinsic process. Excitation energies for both 
the processes have been obtained from these measurements. Attempts have 
been made to theoretically obtain the energy of hopping. The different para-
meters like carrier number, mobility etc. and their temperature dependence 
have been obtained. The different transport properties, theoretically calculated 
at different temperatures, are in complete agreement with the observed values. 
The very low value of mobility explains the non-observance of Hall effect in it. 
Principal electrical conductivities as well as thermoelectric powers of tung-
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stenite142 (isomorphous with molybdenite) natural crystals (containing appreci-
able amount of impurities) have been thoroughly investigated. It has been found 
to be a p-type semiconductor having sufficient anisotropy. The temperature 
variation of conductivity suggests an extrinsic behaviour at lower temperatures 
and an intrinsic one at higher temperatures. It has been found to be a symmetrical 
varistor for directions of current both along and perpendicular to the c-axis 
while for the former direction it is also a thermistor. From observations of 
difference in behaviour of electrical conductivities of highly pure and impure 
hematite143 it has been proposed that possibly different modes of lattice vibra-
tions are predominant on either side of the transition temperature (250°K) 
which brings about change in polarisation energy affecting spin alignment as 
well as conductivity. Activation energy has been empirically calculated and 
correlation between the exchange parameter and activation energy i.e. anti-
ferromagnetism and semiconduction suggested. The study of thermoelectric 
power indicates significant contribution of heat of transport. 
(3) METALS AND ALLOYS 
The conductivity of natural single crystal of ilmenite has been found to 
be much higher than that of the pure sample of ilmenite144• The peculiar 
electrical properties have been suggested to be arising from Fe2+ Fe3+ pairs 
from both the fractions of solid solution. Permanent increase in electrical con-
ductivity after heat treatment has been ascribed to partial removal of internal 
strains in the crystal. The thermal and electrical conductivities of several alloys 
of copper-zinc, copper-indium and silver-zinc were measured at low tempera-
tures145. The experimental data on the thermal conductivity were utilized to 
separate the lattice and the electronic parts with the help of electrical resistivity 
data. The lattice part, in the range of 60°K to 90°K, was compared with the 
existing theories of Klemens, Callaway and Parrot taking into account roles of 
various scattering processes such as Umklapp and normal processes. Attempts 
were also made to assess the contribution of three phonon N-processes and point 
imperfections to the lattice thermal conductivity. 
(4) STUDIES ON THIN FILMS: ELECTRON TRANSPORT 
A significant amount of work on the study of electron transport and struc-
tural imperfections in metal,semi-metal and ferromagnetic films has been carried 
out146 . The resistivity a nd temperature coefficient of resistivity (TCR) have been 
measured in silver and copper films and in polyvalent lead, tin and indium 
films. Fuch's theory has been applied to analyse the experimental observations 
and information about the mean free path of the conduction electrons and the 
specularity parameter has been obtained. In case of polyvalent metal films this 
theory has been found inadequate and for indium films, it has been observed 
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that the grain boundary scattering is operative. Quantum size effect has been 
studied in two semi-metal films; bismuth and antimony, where no quantum 
oscillation in the resistivity-thickness curve could be observed at room tempera-
ture. The quantum oscillations observed earlier have been associated with 
the anomalous growth structure in these films, which was confirmed from a 
photomicrograph study of the growth pattern. Studies on two ferromagnetic 
films, nickel and cobalt have provided important information as regards scatter-
ing from domain walls. 
(5) THEORETICAL INVESTIGATION ON ELECTRONIC ENERGY BAND OF SOLIDS AND 
RELATED TOPICS 
The study of the electronic energy band of solids is important in under-
standing any property of solids involving electronic processes. The energy band 
structure in silver was calculated by OPW method147• Investigations on divalent 
metals Ca, Sr and Ba were also carried out148 ·149• A relativistic generalisation 
of quantum defect method150 has been applied to alkali metal Cs. The free 
electron network approximation in metals gives results very similar to those 
obtained in the tightly bound approximation. However, the assumption of 
field free motion apparently restricts the applicability of the method consider-
ably. It has been shown151 that the results are not significantly altered even 
if one changes over to a much more general non constant potential while retaining 
the other characteristics of the network approximation. A three dimensional 
model has been considered for solution of one electron problem in a crystalline 
lattice and a relation between E (energy) and K(wave vector) has been derived. 
On the same model the band structure of a typical alloy has been investigated. 
The results show a splitting up of bands as conjectured in the theory of anti-
ferromagnetism. Applying the above method to case of zinc blend lattice it has 
been shown that (a) energy gap increases as the charge difference between the 
constituent nuclei increases, (b) effective mass of holes also increases monotoni-
cally will increasing charge differences and (c) there are some indications that 
there may be a minimum in the effective mass of electrons. These findings 
are in accord with those observed experimentally in any isoelectronic series of 
semiconductors. 
IV. Cryogenics 
In order to extend the study of solid state materials to low temperature 
some ingenious devices for the liquefaction of gases were developed. A new 
type of air liquefier, depending upon the adiabatic expansion of the compressed 
gas in a multistage turbine of low speed was designed152 • A low cost miniature 
hydrogen liquefier cryostat of simple design, which is an improvement on the 
Ruhemann type and is based on Joule-Thomson principle was designed and 
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constructed153. A combined hydrogen cum helium cryostat has also been set 
upl54, 
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5.4. CHEMISTRY OF LARGE MOLECULES 
The chemistry of large molecules, or high polymers, provides one of the 
most fruitful fields for chemical research. It encompasses the wide field of natural 
products, such as rubbers, proteins, cellulose and other polysaccharides, together 
with the large group of synthetic polymers obtained by the polymerization of 
a number of compounds, in which the molecules of one or several substances, 
the monomers, are linked together in the course of chemical reactions to form 
molecules with long chains of repeating units. 
The high polymer science has a great technical bearing, particularly in 
the rubber, petroleum, resins, fibres, plastics and cellulose industries. As a 
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consequence, the theoretical knowledge in this field lagged behind their practical 
applications. This is not surprising since much of the work has been carried 
out in industrial laboratories where the stress was necessarily on the practical 
rather than on the theoretical side. 
In the early days of polymer research, the view was widely held that the 
molecules of a polymer, especially in solution, were held together in clusters-
the so-called micelles-by secondary valence forces and that the characteristic 
properties of polymer solutions were due to this micelle formation. Staudinger 
(1920) was the first to suggest that the polymer molecules are present in solution 
singly and that the characteristic properties of polymer solutions are due to 
the large size of the polymer molecules. He introduced the term "macromole-
cule" to stress the size of the molecules and insisted that the forces joining 
the atoms of the polymer molecules are the same primary valence forces 
which join the atoms of any molecule. Staudinger pressed this view with 
great perseverance against strong opposition, until it became universally 
accepted. 
The foregoing concept provided a great stimulus to experimental and 
theoretical investigations by many research workers with a marked attempt 
to replace the pure descriptive approach by a more profound analysis of the 
general principles involved and their theoretical foundations. However, signi-
ficant studies were not made before about 1930, and rapid advances in the 
physics and chemistry of the high polymeric substances were witnessed princi-
pally since 1940. 
The great and ever increasing importance of the study of high polymers 
and wide scope of the subject have attracted the attention of chemists, techno-
logists and biologists all over the world. In India, investigations on different 
aspects of high polymer chemistry were initiated by Prof. S. R . Palit in the 
Physical Chemistry section of the Indian Association for the Cultivation of 
Science in 1947 and significant contributions have been made in this field . 
The section of Macromolecules, created in 1958 under the late Mr. P. Bagchi, 
started researches primarily in the very important field of high polymers from 
natural products, which have great biological and technological importance. 
Studies on polysaccharides, rubbers and synthetic macromolecules are being 
actively pursued in this section. Nucleic acid and humic acid also have received 
cansiderable attention. 
Thus the work on the chemistry of large molecules being carried out in the 
Association may be broadly classified as follows: 
1. Studies on High Polymer Chemistry 
2. Studies on Rubber 
3. Studies on Polysaccharides 
4. Studies on · Nucleic Acid 
5. Studies on Humic Acid. 
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I. STUDIES oN HIGH PoLYMER CHEMISTRY 
Studies have been carried out on the following aspects of high polymer 
chemistry: (a) Polymerization Kinetics (General), (b) Chain Transfer, (c) 
Development and Applications of Dye-techniques for Endgroup analysis of 
polymers, (d) Aqueous polymerization, (e) Cationic polymerization, (f) Poly-
electrolytes and Proteins, (g) Cellulose chemistry, (h) Polymer in solution, 
( i) Grafting and (j) Miscellaneous. 
(a) Polymerization Kinetics (General): The kinetics of a reaction constitutes 
one of the most important outward manifestations of the mechanism. This is 
particularly true for polymerization reactions and extensive kinetic investigations 
have been made on the polymerization of different vinyl monomers with various 
types of initiators to gain insight into the mechanism ofpolymerization reaction. 
Different metallic soaps were tried as initiators of polymerizationl-a in 
order to study the effect of the corresponding metals on polymerization. Ferric 
soaps were found to possess a fairly strong catalytic power for the polymeriza-
tion of styrene and methyl methacrylate (MMA) while Mn-oleate completely 
inhibited polymerization. Cu-oleate retarded the polymerization of styrene 
whereas Zn- and Cd-oleates that of methyl methacrylate. Oleates of Mg, Co, 
Ni, Fe etc. have catalytic effect. From a study of the kinetics of polymerization 
of methyl methacrylate with ferric laurate as catalyst4, a tentative mechanism 
basically of the free radical type was suggested. Production of crystalline 
polymers by polymerizing styrene in poor solvents like n-heptane and isobutyl 
alchol with this catalyst was also observed5• 
Persulphates have been used as initiators in the polymerization of styrene, 
methyl methacrylate and methyl acrylate in homogeneous solutions in glycols 
and their activities compared with that of benzoyl peroxide6 •7• Possible 
mechanism was suggested to explain the results. 
Hydrogen peroxide, the theoretical progenitor of all peroxides, has been 
used as initiator in the homogenous polymerization of methyl methacrylate 
in bulk and in solutions8 •9• The rate of polymerization (Rp) was found to follow 
the expected square root dependence on catalyst concentration. The initiation 
order with respect to monomer concentration was I in toluene and ethyl acetate 
but 0·5 in methyl ethyl ketone. This has been attributed to "solvent effect" 
on the initiation reaction. The values of o ( =kt fkp) for methyl acrylate10 and 
methyl methacrylate8 •11 at different temperatures have also been determined 
and compared with the literature values. 
Studies have been made with nine acyl peroxides as initiators in the poly-
merization of methyl methacrylate in bulk and in solutions to study the effect 
of substituents in the benzene ring of the peroxide12 •13• The kinetic order of the 
reaction with respect to the initiator and monomer concentration was found 
to be 0.5 and 1.5 respectively in all the cases indicating bimolecular termination 
and initiation mechanisms. Nitrobenzoyl peroxides, especially para-substituted 
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ones, showed abnormal behaviour, the rate decreasing with high catalyst con-
centration. The initiation constants of the peroxides were found to increase 
with electron-releasing groups in the benzene ring. Attempts were also made to 
correlate the chain transfer coefficients of the peroxides (Cr) with their structures. 
Lower values of Cr, compared to that in case of styrene, was attributed to the 
presence of .(.-methyl group in methyl methacrylate. 
With azonitriles as initiators in methyl methacrylate polymerization14, 
the kinetic order with respect to initiator and monomer concentration was 
0·5 and I respectively. The rates of initiation of all the azonitriles are almost 
the same except for azocyclohexane-1 :1 '-dicarbonitrile where steric factors 
may play a part. Catalyst efficiencies also are about the same showing that 
substitution has little effect. Transfer constant Cr is practically zero for all, 
supporting the conclusion that azonitriles do not undergo induced decomposi-
tion, the cleavage of the molecule being unimolecular. Similar behaviour of 
azonitriles is observed in the case of styrene polymerization also15. However, effi-
ciency is less in styrene. Temperature effect on the different kinetic constants 
has also been studied. 
The effect of ketonic substitution on the ethylenic double bond was in-
vestigated by studying the polymerization of methyl isopropenyl ketone16-ts. 
Comparison of S values and chain transfer constants with those for methyl 
acrylate, methyl methacrylate and styrene indicates that kp for this monomer 
must be lower than those for the other three. 
Studies with diffetent alkyl methacrylates19 demonstrated that substitution 
in the alkyl group of the methacrylic esters has no pronounced effect on various 
rate constants except that kt values gradually decrease with the lengthening 
of the ester group. In acrylate series, transfer reaction seems to be more pro-
minent in ethyl acrylate polymerization20 - 22 than in the case of methyl acrylate 
or ethyl methacrylate. It is concluded that kp for ethyl acrylate is rather low 
compared to those of the other two monomers. 
With 2-2'-azobis-isobutyroamidine (ABA) as initiator in the polymerization 
of MMA in chloroform, methanol and dimethyl sulphoxide, it was observed 
that the rate of polymerization is influenced by the nature of the solvent23. 
This was explained in the light of the stabilization of the transition state due to 
increased solvation of the basic amidine group of the initiator with the increased 
clectrophilicity of the solvent. In the case of azobis-isobutyronitrile initiated 
polymerization in dimethyl sulphoxide24, the lowering of the S value of MMA 
with increasing solvent concentration has been attributed to an interaction 
between the solvent and poly (MMA) radical resulting in lower termination 
rate. 
The use of ferric dipivaloyl methide as a free radical initiator has also 
been reported25. 
Fe(III)-thiourea has been explored as redox initiator in non-aqueous 
homogeneous polymerization in t-butyl alcohol26.27• Rp was found to be inde-
10 
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pendent of Fe(III) and thiourea concentrations, and predominant termination 
by primary radicals has been envisaged27 ·28 • The radical 
generated from the reaction between thiourea and Fe (III) has been identified 
as endgroup irt the polymer molecule29 • Use of thiols in presence of dimethyl 
sulphoxide as redox initiators in non-aqueous polymerization has also been 
investigated30· 31 • 
Kinetics of diffusion-controlled copolymerization of several pairs of mono-
mers has been studied and the variation of the termination rate constants with 
monomer feed composition has been explained in terms of the factors affecting 
the diffusive properties of macromolecules32 • 
Estimation of functional endgroups in copolymers of vinyl acetate and 
isobutyl methacrylate indicates that cross-termination is very much favoured 
and occurs almost entirely by combination for monomer feeds richer in vinyl 
acetate. For methyl methacrylate-methyl acrylate system, combination is 
more important at intermediate feed ratios33• Kinetics of bulk copolymerization 
of alkyl m<"thacrylates and styrene has also been investigated and penultimate 
unit effect in the copolymerization has been examined34. 
Organic acids have been used as initiators to induce photopolymerization 
in aqueous and non-aqueous media. Results indicate that photolysis of the acids 
produce carboxyl radicals which initiate polymerization35. Photopolymerization 
of different monomers by binary systems containing carbon tetrachloride along 
with anthracene, phenanthrene and various tertiary amines has also been 
reported36 . 
Dye-sensitized photopolymerization of MMA in non-aqueous medium has 
been studied by visible light using long chain aliphatic amines as activators and 
xanthene dyes as photosensitizer. Structural effect of the dyes and the amines 
has been investigated37. 
2, 6-Dichlorophenol indophenol, a redox dye, has been found to be a power-
ful retarder for the polymerization ofMMA and styrene. For every dye molecule 
consumed, the number of polymer molecules removed was found to lie between 
I and 2. Probable mechanism has been suggested to explain the results3B. 
(b) Chain Transfer39 : A growing polymer often reacts with a neighbouring 
molecule to form a "dead" polymer with the concurrent creation of a new 
centre of growth. This is the basic picture of chain transfer. Flory, in 1937, 
was the first to surmise the existence of chain transfer in polymerization. Mayo, 
in I 943, introduced the concept of chain transfer coefficient and correlated the 
degree of polymerization (D.P.) with this coefficient. Up till then very little 
data was available on the chain transfer phenomenon to have a clear idea 
RESEARCH CONTRIBUTIONS 147 
about the mechanism of chain transfer reaction. The Association became interest-
ed in this area and extensive investigations have since been carried out on this 
aspect of polymer chemistry as a result of which considerable knowledge has 
been gained on the mechanism of radical displacement reactions. 
The chain transfer coefficients (Cs) of various solvents in the thermal 
polymerization of methyl methacrylate have been determined10 by utilizing 
Mayo's equation for chain transfer reaction. The relative transfer activities in 
hydrocarbons, alcohols, ketones, acids and esters were effectively accounted 
for by the increased polarizatio~ of the C-H bond at the <(.-position, by the 
adjacent electron-attracting groups. In the case of chloro compounds the activity 
was found to depend not on the number of halogen atoms in the molecules, 
as suggested by Mayo, but on the extent of C-CI bond forces. Difficulties were, 
however, encountered when catalyzed polymerization data were utilized for 
determination of Cs values by using Mayo's equation41 . In the benzoyl peroxide 
catalyzed polymerization of MMA in toluene, correct Cs values could be 
obtained at low catalyst concentrations, but with p-nitro benzoyl peroxide as 
catalyst, the transfer constant was found to increase with catalyst concentration 
due to transfer with the catalyst itself. In order to surmount this difficulty, the 
implications of the general theory underlying the determination of the kinetic 
constants of chain transfer during polymerization was critically examined42 
and a number of experimental methods were formulated43, based on the general 
equation deduced by Tobolsky from general kinetic considerations, for deter-
mining all the three transfer coefficients, viz, monomer transfer ( CM), solvent 
transfer (Cs) and catalyst transfer (Cr), in a simple and straightforward way. 
The conditions under which Mayo's method will be applicable has also been 
clarified. 
Based on the above methods, extensive chain transfer study has been 
made in the uncatalyzed and catalyzed polymerization of methyl methacry-
late12·14·15·u, vinyl acetate 45, acrylonitrile46, methyl isopropenyl ketone17, methyl 
acrylate 17, methacrylate esters19·4s, styrene47, ethyl acrylate21 ·22 etc. in different 
solvents and with different initiators. 
The relative order of the Cs values for different solvents is more or less 
similar for all the monomers and is in agreement with the usual active <(.-hydro-
gen theory, although the absolute values vary from monomer to monomer. 
Behaviour with chlorinated solvents, however, is different for different mono-
mers. In the case of vinyl acetate45 there appears to be simultaneous transfer 
of Cl and H, but the general tendency of high transfer with higher Cl:C ratio 
is maintained. In the case of acrylonitrile46, the behaviour is in striking con-
trast with those of the other monomers, like styrene, MMA etc. Chlorinated 
solvents, such as CC14 which are usually extremely high transfer agents, are 
devoid of any special susceptibility to attack by the acrylonitrile free radical. 
From the order of Cs values for chlorinated solvents it was concluded that in 
the case of acrylonitrile, H-transfer is more likely than Cl-transfer. It was 
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suggested that due to the inherent instability of -CHCI(CN) group, acryloni-
trile free radical is in no way specially inclined to transfer a Cl atom from the 
solvent. Behaviour of methyl acrylate47 with chlorinated solvents is also 
similar to that of acrylonitrile and H-abstraction seems to be preferred to 
Cl-abstraction here also. 
Studies on the effect of temperature on the chain transfer behaviour of 
hydrocarbon solvents in MMA polymerization« show that the greater the 
temperature coefficient, the lower the reactivity of the solvent towards transfer 
reaction. Activation energy for solvent transfer in case of MMA is lower than 
that in the case of styrene in agreement with the observation that MMA under-
goes transfer with solvents more easily than styrene does. This is ascribed to 
the higher resonance stability of the free radicals containing phenyl groups. 
For systems containing more than one solvent as transfer agents it was 
shown49 that the effect upon DP can be predicted from the separate transfer 
constants. The use of mixed transfer agents is particularly valuable for studying 
the effect of substances which are not directly usable because of insolubility 
or kinetic complications due to precipitation of the polymer. Thus transfer 
behaviour of water in MMA polymerization was studied by using t-butyl 
alcohol as the solvent for dissolving water50·51 . It was found that water has no 
chain transferring capacity. Rather molecular weight of the polymer increases 
with increase in water concentration, which was attributed to a tighter coiling 
of the polymer chain in the presence of a nonsolvent like water leading to a 
reduced termination rate. In the acrylamide-water system, where the polymer 
is soluble in water, the DP was found to be independent of water concentration 
indicating that here also there is no chain transfer to water. 
Mixed solvent technique was also used for the determination of chain 
transfer constants of alcohols52.53 and glycols54 •55 in the polymerization of 
MMA and styrene. Results indicate that the chain transfer takes place through 
the abstraction of H atoms from the C-H bond and not from the OH group. 
Same technique was used for studying the chain transfer behaviour of various 
aromatic amines56 and fluoroalcohols57 • The results have been interpreted in 
terms of the polar structure contribution in the transition state of the transfer 
reactions. 
Dye technique tests have been utilized for determining the chain transfer 
constants of substituted thiols containing ionic or ionogenic groups (amenable 
to dye test)58. Studies have also been made on some radical transfer reactions 
involving hydrogen atom abstraction from some organic substrates by OH 
radicals59, and electron transfer from halide and oxalate ions60 in the polymeriza-
tion ofMMA initiated by H 20 2• Such type of transfer reactions have been con-
firmed by the analysis of polymer endgroups by dye-partition technique. 
A theoretical investigation has been made61 - 63 on the copolymerization of 
monomers considering all types of transfer reactions possible and an equation 
has been deduced correlating DP with copolymerization rate and various 
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rate constants. With this equation it was possible to obtain directly the im-
portant cross-termination constant, known as Melville's cp constant, and also 
( CM12 + CM21), the sum of two cross-transfer constants. The equation also enabled 
one to determine the monomer reactivity ratios r1 and r2, from DP and rate 
mea!>urements only without any chemical analysis. Results of investigations 
with several pairs of monomers with the help of this equation indicate that 
cross-termination and cross-transfer are favoured steps in copolymerization64• 
The effect of solvents65 and temperature66 on cp factor has also been investigated. 
Theoretical equations for the distribution of molecular weight of high 
polymers have also been deduced for termination processes by combination and 
disproportionation, taking into consideration all sorts of transfer reactions67-69. 
The theoretical distribution curves as also some theoretical relations involving 
statistical quantities of the distribution deduced from the equations, were found 
to be in perfect accord with the experimental data for polystyrene prepared 
in different solvent media7o. 
(c) Development and Applications of Dye-techniques for Endgroup Ana{ysis of 
Po{ymers71-73 : The extreme ends of a polymer chain often have functional groups 
differing in composition from the main chain. These endgroups constitute a 
very small fraction of the macromolecule and the usual chemical and physical 
methods for identification and measurement of these groups become increasingly 
insensitive and often impractical with increasing molecular weight of the 
polymer. Two simple and rapid methods74- 77, called "dye-partition technique" 
and "dye-interaction technique" have been developed in the Association for 
detection and estimation of a few types of endgroups based on dye-polymer 
interaction. These techniques are sufficiently sensitive for the characterization 
of endgroups in vinyl polymers of high molecular weight, but are only applicable 
to ionic groups and the groups which can bt'" so transformed. 
Information about the endgroup content not only adds to our knowledge 
about the structure of the polymer molecule but helps in indentifying the 
initiating species and understanding the mechanism of initiation and termi-
nation, and in determining the degree of polymerization and chain transfer cons-
tants in transfer processes as also the monomer reactivity ratios in copolymeriza-
tion. 
Detailed conditions have been worked out for detecting and estimating 
different endgroups in the polymers e.g., strong acid groups75 (sulphonate, 
sulphate etc.), COOH group75 ·78 ·79, OH group75 ·so, halogens81 and amines82 ·83. 
Uncertainties in the quantitative estimation of certain endgroups involving 
suitable reference samples have been examined84 and a quantitative treatment 
of the dye extraction equilibrium has led to a useful equation which helps by 
way of graphical extrapolation to obtain an accurate estimate of the ionic 
endgroup85. 
Extensive work has been carried out on the analysis of endgroups in the 
polymers obtained by using a variety of initiators. A brief report is given below. 
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Initiation by H 20 2 system: Both thermal and photoinitiation by H 20 2 either 
alone or in presence of Fe2+ or Fe3+ ions were found to incorporate OH end-
groups in the polymers of methyl methacrylate86, the amount depending on 
the system and conditions. Results indicate that termination takes place mainly 
by disproportionation in the case of MMA. 
Initiation by higher valent metal ions onfy: Initiation with salts and complexes 
of Mn4+, Ce4+, CoS+ and Ag3+ in aqueous polymerization of MMA incorpo-
rated OH and COOH endgroups in the polymers87.ss. In general, about 2 
hydroxyl groups per polymer chain is incorporated. It appears that water is 
oxidized to OH radicals which is responsible for both initiation and termination. 
Carboxyl groups are probably formed by hydrolysis of the polymer in the acidic 
medium. 
Initiation by persulphates: Aqueous initiation by persulphate alone incorpo-
rates both sulphate (OS03 -)and OH endgroup~ in the polymer89. The proportion 
of sulphate endgroups is highly dependent on the pH of the medium increasing 
with alkalinitv and sharply decreasing under acid conditions. It appears that 
s0-4 radicals.rcact very f<tst with water under acid conditions (S04-+H30 1 
-+H2S04 +0H). 
Redox initiation by persulphates in combination with other reducing 
sulphoxy ions such as HS03 -, S032-, S20 32-, S20l- and S20 52-, yielm polymers 
containing both hydrolyzable sulphate endgroups (derived from persulphate) 
and nonhydrolyzablc sulphonate endgroups (derived from the activator) to 
an average total of2 per chain90 . Sulphide (S2-) gives only sulphate endgroups. 
Persulphates with other activators (such as Ag+, Fe2+, hydrazine and hydroxy-
lamine, aliphatic amines, alcohols, reducing acids etc.) introduce both sulphate 
and OH endgroups. Sulphate groups are favoured under basic conditions. 
Initiation by sulphoxy compounds: Bisulphi tes (HS03-) 91 and di thioni tes 
(S20 42-) 92 induce aqueous polymerization of certain monomers, and the polymers 
obtained are found to contain 2 sulphonate endgroups per chain but no sulphate 
endgroup. A redox reaction between bisulphite and monomer leading to the 
formation of initiating bisulphite radicals is postulated. In the case of dithionite 
it seems that S02- radical ions are generated by dissociation of S20 42- ions 
in aqueous solution. 
Redox systems93 with reducing sulphoxy compounds (HS03 -, S032-, S20 32-, 
S20 42 - and S20 52-) in combination with either of the following as the oxidant 
have also been investigated: (a) metal ions Cu2+, Fe3+ andAg+ ion, (b) KC103 
and KBr03 ., (c) H 20 2 and (d) oxygen. Endgroups incorporated arc only non-
hydrolyzable sulphoxy in case of (a) and (b) and both non-hydrolyzable sulphoxy 
and hydroxyl in case of (c) and (d). 
Initiation by organic acids: Organic acids (monobasic, dibasic, polybasic and 
hydroxylic) have been used both as photoinitiators35 and in redox combination 
with permanganate94.95 or persulphate90• 4-4'-Azobis (4-cyanopentanoic) acid 
was also used as a thermal initiator96. Mainly carboxyl endgroups are found 
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in the polymers. Hydroxyl groups are also present in polymers initiated by 
hydroxyacids. As mentioned before, acids in presence ofpersulphates incorporate 
sulphate and OH endgroups in the polymer90. 
Initiation by halogens: Initiating systems involving a molecular halogen, 
halate or perhalate as one of the component and a reducing metal salt, ammonia, 
an amine, amino acid or an organic compound as the other, have also been 
investigated97- 102. Reducing metal salt- -halogen combination incorporates 
hydroxyl and halogen endgroups, while polymers initiated by ammonia or 
amine in presence of halogens contain halogen and amine endgroups. Amino 
acid--halogen systems introduce amine, carboxyl, halogen and hydroxyl 
endgroups. Polymers obtained with N-chlorodiethylamine + Fe(II) or triethy-
lamine+ Cl 2 -\- Fe(II) systems103 contain only amino endgroups and no chlorine. 
Corresponding bromine compounds, however, introduce both bromine and 
amine groups. 
Aqueom photoinitiation by ferric halides was believed to proceed through 
halogen atoms. Endgroup analysis of the polymers obtained by photosensitized 
FeCJ3 and FeBri04 , however, indicated the presence of hydroxyl groups and 
negligible amount of halogen. It seems that halogen atoms, even if generated 
by photolysis, probably react with water forming OH radicals. 
Initiation by amino radicals: Redox initiation with thiourea as reductant in-
corporates amino endgroups in the polymer29 •105• With Fe3+ and Ag3+ as oxidants 
mainly amino endgroups are introduced, but with H 20 2 and S20 82-, hydroxyl 
and sulphate groups are also incorporated. Br03 --thiourea is a very efficient 
redox system and introduces both sulphonate and amino endgroups. Evidence 
indicates generation of S -C( =NH) NH2 radicals which initiate polymeriza-
tion. Sulphonate endgroups may be formed by oxidation of these amino bearing 
endgroups. 
Dye-sensitized photopolymerization with amines as activatorslo6,l07 has 
been found to incorporate amino endgroups in the polymer, as also the 
redox initiation with Ti3++hydroxyla.mine system107. Polymers obtained 
with L-cysteine-hydrochloride in presence of various oxidizing agents10S 
also give positive tests for amino endgroups possibly due to the incorpo-
ration of cysteine end fragment H 2N.CH(COOH)CH2.S-in the polymer 
chain. 
Ethanolamines in combination with Cl2 or Br:~ form very good initiators 
both in benzene and aqeom media109. Endgroups incorporated are largely 
amino and hydroxyl groups and some halogen. It seems ethanolamine radicals 
are better initiators than halogen ones 
Initiation by cations: Initiation by cuprous chloride or copper powder in 
aqueom acidic medium yields polymers containing hydroxyl endgroups in 
presence of slight traces of oxygen, but very little OH group is incorporated in 
complete ab~ence of oxygenno. 
Photoinitiation with high valent metal salts111, viz, uranyl, vanady1 and 
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molybdenum salts, produce polymers containing two OH endgroups per chain 
at higher pH. The endgroup content decreases sharply at lower pH. 
Cationic Co(Ill) and nonionic Co(III) complex salts112 initiate aqueous 
polymerization. The former incorporates OH endgroup, while in the latter 
case no endgroup could be detected. Mechanism of initiation is thus not very 
clear. 
Reverse Dye-partition Technique: A reverse dye-partition technique has been 
developed for the analysis of endgroups in water-soluble polymers, and has been 
utilized for studying the hydrolysis of acrylamidell3, determining the reactivity 
ratios in the copolymerization of acrylamide with other carboxyl-bearing 
monomers114, determining the efficiency of grafting of acrylic acid on to polyvinyl 
alcohol and methyl cellulose115 •116, estimation of amine endgroups117, studying 
the initiation and termination mechanisms in acrylamide polymerization with 
different initiator systems118, determining the branching in polyvinyl acetate by 
following its hydrolysis119, and determining the degree of substitution in car-
boxy methyl cellulose12o. 
(d) Aqueous Polymerization121 : The scientific importance of aqueous poly-
merization is manifold. For example, water offers an easy means of studying the 
changes in the kinetic features of a vinyl polymerization brought about by the 
incidental separation of the polymer as dispersion of graded stability. Also the 
endgroup studies of such polymers provide information about the nature of 
the radical intermediates involved in the initiating reaction. 
Kinetic studies have been made on the aqueous heterogeneous polymeriza-
tion of methyl methacrylate122 , acrylonitrile123, methyl acrylate124 and vinyl 
acetate12r. initiated by persulphate-hydrosulphite redox pair. The rate of 
polymerization initially increases with increase in the concentration of the 
catalyst or activator, but begins to decrease on further increase in concentration 
of either of the two, and finally increases again with still higher concentration. 
This peculiar behaviour was seen to be connected with the physical state of 
the separating phase, the more disperse and more stable colloid showing the 
higher Rp. This was corroborated by the fall in the rate o~ addition of salts as 
coagulants, and increase on addition ofpeptisers. A suitable mechanism has been 
put forward from the point of view of free radical reactions in a medium of 
discrete loci. Results obtained with different monomers indicate that the kinetic 
characteristics of heterogeneous polymerization of monomers in aqueous medium 
is determined not only by the physical state of the insoluble polymer phase but 
also by the relative affinity of the monomer for the polymer and the aqueous 
phase. 
The effect of organic diluents126 •127 on the kinetics of aqueous heterogeneous 
polymerization has also been investigated. It has been found that both water-
miscible and water-immiscible organic liquids decrease the rate, limiting con-
version and molecular weight of polymers irrespective of whether the separating 
polymer phase is a colloidal dispersion or precipitate. This has been ascribed 
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to increased termination rate due to faster coagulation of the latex particles 
and dilution of the monomer concentration at the reaction site by the organic 
liquids in the case of sol-phase polymerization126. In the case of precipitative 
polymerization127 increase in termination is attributed to the swelling of the 
precipitated polymer particles containing trapped radicals and the fall in mono-
mer concentration at the reaction site. 
Studies have also been made with permanganate-oxalic acid as redox 
initiator in the polymerization of methyl methacrylate128.129 and acrylonitrilel30. 
Oxalic acid by itself cannot initiate polymerization in dark, but does so strongly 
even in diffused light. Permanganate can initiate polymerization provided the 
solution is sufficiently acidic to dissolve the separated colloidal Mn02 which 
inhibits polymerization. The Mn04 --oxalic acid system is a powerful redox 
initiator provided the acid strength is sufficient to dissolve Mn02. The polymer 
always separates out as a coarse coagulum. Polymethyl methacrylate produced 
by this initiator system contains carboxyl and hydroxyl endgroups. The initiating 
species is undoubtedly "active" oxalic acid (C20 4-) or the carboxyl radical ion (coo-) or both. Rp is independent of oxalic acid concentration up to a certain 
limit. However, catalyst exponent varies from I at low catalyst concentratio:t 
to lower values at high catalyst concentration. This has been ascribed to a 
change in the nature of the termination reaction in the precipitating medium 
with change in the catalyst concentration. 
Permanganate is also a powerful initiator in presence of ethylene diamine 
tetra-acetic acid (EDTA) 94. The system is basically similar to KMn04 -oxalic 
acid system with the exception that the former is active even in fairly alkaline 
pH, while the latter operates only in acid condition. 
Investigations have also been made on the aqueous polymerization of 
methyl methacrylate with trioxalato cobaltate(III) complex88 and ethylene 
biguanide complexes of Ag(IIl)131 as initiators. Hydrazine hydrate was also 
found to initiate aqueous polymerization of MMA in presence of oxygen in 
alkaline pH. It was suggested that N2H 3 radicals are generated in the system 
which initiate polymerization and bring about the other kinetic features observed 
in the system132 . 
Ceric ion in the presence of various substituted amines has been used as 
redox initiators in the aqueous polymerization of acrylonitrilel33-l35. Rp was 
proportional to the amine concentration and independent of the eerie ion concen-
tration indicating that eerie ion is involved in the termination also. The order 
of activity of the amines is tertiary>secondary. The primary amines seem to 
have no effect. The accelerating effect of the amines was attributed to a redox 
reaction between eerie ion and the amine involving a single electron transfer, 
the relative reactivity of the different amines being thus dependent on the 
relative electron-donating tendency of the substituents present in the amine. 
Initiation of aqueous polymerization of MMA by ferrous-bromate 
redox system136 incorporate hydroxyl and bromine endgroups totalling an 
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average of one per polymer chain, indicating termination by disproportionation. 
Use of H 20 2--hydroxylamine as redox initiator in the polymerization of acry· 
lamide has also been reported137• Initiation probably occurs through OH 
radicals. 
Chromate-arsenite system was found to initiate aqueous polymerization 
of MMA138• It was concluded from the results that the redox reaction between 
the components is a chain reaction involving single electron transfer and the 
intermediate AsH thus produced is the initiating species. 
Numerous other initiating systems have been explored which have been 
mentioned earlier while dealing with the endgroup analysis. 
(e) Cationic Polymerization: Kinetics and chain transfer in the cationic 
polymerization of o<.-methyl styrene initiated by stannic bromide has been 
investigated139• Water was found to be a necessary co-catalyst and the polymers 
were saturated containing substituted phenyl indane endgroups. A reaction 
mechanism involving proton abstraction by the monomer from a catalyst- co-
catalyst complex and termination by spontaneous proton expulsion accom-
panied by internal cyclization was suggested to explain the results. The relative 
chain transfer constants for different aromatic hydrocarbon solvents indicate 
that although hyperconjugation and inductive effects must be operative, their 
order of reactivity towards transfer reaction is largely determined by the 
steric restriction due to the substituent groups present in the solvents and 
monomer. 
It has been noticed140 •141 that dihydro civetone in presence of anhydrous 
zinc chloride is a good initiator for polymerization of methyl methacrylate, 
acrylonitrile and .(.·methyl styrene. Cationic mechanism seems to be operative 
in the case of o<.-methyl styrene polymerization but not in the case of the other 
two monomers. Free radical mechanism also cannot fully explain the results in 
their cases. 
(f) Polyelectrolytes and Proteins: Polyelectrolytes are high molecular weight 
compounds which contain a number of ionizable groups distributed along the 
polymer chain. They exhibit characteristic features in solution which has been 
attributed by Fuoss to the presence of high charge densities on the polymer 
molecules and to the flexibility of the chains in dilute solution. Extensive investi-
gations have been made in the Association on the various physico-chemical 
properties, viz, viscosity, osmotic pressure, conductivity etc. under varied condi-
tions, of different gums and polysaccharides having ionizable groups on the 
molecule. Gum arabate and arabic acid142 , sodium thymonucleate143, sodium 
carboxy methyl cellulose144, sodium salt of polyuronide hemicellulose from 
jute145 •146, polyglucosamine hydrochloride147, sodium alginate148, agar acid 
and its sodium salt149 •150 and gum tragacanth151 were investigated. The results 
in all the cases could be satisfactorily explained only by the coiling-uncoiling 
of the polymer chains due to variations in the charge density on the chains under 
the experimental conditions. Viscosity behaviour of poly-2-vinyl pyridine in 
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acetic acid152 was also typical of a polyelectrolyte. Physico-chemical properties 
of the degraded and original acid polysaccharides derived from the exudates 
of Lannea grandis were also studied153 •154 and the effect of branching on the 
dissociation and conductance of the polyacids investigated. The coacervation 
phenomena ob~erved in the precipitation of gelatin from aqueous solution by 
the addition of alcohol was found to be correlated with the polyelectrolytic nature 
of gelatin155 • Sedimentation behaviour of sodium thymonucleate can also be 
explained by the folding-unfolding of the polyelectrolyte chain156 • 
Studies have been made on the effect of the synthetic polyelectrolytes 
Krilium Loamaker (100% active), hydrolyzed polyacrylonitrile (HPAN), and 
copolymer of styrene and maleic acid (SMA) as soil conditioners on typical 
Indian soils and clays, with respect to sticky-point moisture1" 7•15s, cation ex-
change capacity159, effectiveness and limit of applicability as soil aggregating 
agents16o, and influence of cations161 and organic matters162 in the soils on the 
aggregating effect of the soil conditioners. Results indicate that the different 
effects are governed by the nature of the polyelectrolyte as well as of the soil, 
and no generalization can be made. 
Methods for the detection of the extent of enzyme inactivation is of great 
theoretical and practical importance. It was shown that in the case of pepsin 
this can be determined by a simple iodometric titration of the cystine groups 
( -SH) liberated during the inactivation163. The variation in the enzyme acti-
vity of pepsin and trypsin at different pH's has been correlated with iodine 
absorption and the results indicated that the optimum pH for maximum enzyme 
activity is associated with the maximum compactness of the coiled structure 
of the protein molecule164. 
Studies have been made165.166 on the metachromatic effect of the cationic 
polyelectrolyte, polyethyl-4-vinyl pyridinium iodide on the anionic dyes like 
rose Bengal and eosin A, and a method was developed for the quantitative 
estimation of the polyelectrolytes in solution. The reversible metachromacy of 
the cationic dye acridine orange in presence of a synthetic anionic polyelectrolyte 
and a synthetic polyampholyte has also been investigated167• 
Studies have also been made on the unfolding of protein molecules in 
solution with ageing and thermal denaturation168, determination of isoelectric 
pH ofproteins169, and estimation offree carboxyl groups in proteins170 by utiliz-
ing reverse dye-partition technique. 
(g) Cellulose Chemistry: Acetylation of cellulose is generally accompanied 
by a degradation of the cellulose molecule with the result that the molecular 
weight of the acetate produced may not be sufficiently high for commercial 
utilization. A critical study was therefore made171-l73 on the production of 
cellulose acetate from cotton (short and medium staple Indian Cotton and long 
staple Egyptian cotton) to gain insight into the acetylation process. The intrinsic 
viscosity and solubility of the cellulose acetate formed during acetylation and 
subsequent hydrolysis were determined in chloroform, chloroform-alcohol 
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and acetone, and their relationship with the acetyl content analysed. It was 
found that the general characteristics of the cellulose acetates from short and 
medium staple Indian cottons are almost similar. However, the acetates from 
long staple Egyptian cotton differ in some fundamental aspects from the Indian 
cottons. This was ascribed to higher crystallinity or peculiarity of this type of 
cotton. The molecular weight of the products is fairly high, well in the commer-
cial range, that from Egyptian cotton having very high molecular weight. More-
over, there is little evidence of degradation during acetylation or subsequent 
hydrolysis. 
Viscometric, osmometric and fractionation behaviour of benzyl cellulose 
in chloroform and ethyl acetate have been investigated174- 1 ' 7• The results indi-
cate coiling of benzyl cellulose molecules in dilute chloroform and their associa-
tion in dilute ethyl acetate solution. The flexibility of the benzyl ether mole-
cules of relatively high molecular weight has been demonstrated by measure-
ments of axial ratios of the dissolved units. Benzyl cellulose fractions prepared 
from Egyptian cotton showed some anomalous viscometric and osmometric 
behaviour. This was attributed to structural disparity arising from possible 
crosslinking in the benzyl cellulose molecules. 
The relative reactivities of different hydroxyl groups in cellulose towards 
etherification was investigated by preparing cellulose dibenzyl ether178 • It was 
found that the primary hydroxyl is the most reactive and of the two secondary 
hydroxyl groups one is more reactive than the other. 
Deformation of cellulose chain by substitution has been investigated by 
measuring the intrinsic viscosities, axial ratios and molecular lengths oftriphenyl 
methyl ethers of cellulose and of methyl ethyl cellulose in chloroform solution1' 9• 
The results show that these molecules are extremely coiled up in solution indi-
cating that straight cellulose chain is deformed when triphenyl methyl deriva-
tives are formed. Substituent effect on the flexibility of the chains of esters of 
me:thyl ethyl cellulose has also been studied1so. A theoretical analysis from the 
geometry of the molecules shows that the agreement between the calculated 
and experimental length and breadth values could be obtained only on the 
assumption that the acyl substituents all lie on the same side of the cellulose 
chain. 
(h) Po(ymer in Solution: Based on Eyring's rate theory and 'hole' theory of 
liquids, Palit derived an equation1B1 correlating the intrinsic viscosity and 
molecular weight of polymers. This equation was found to agree well with 
the experimental data for various polymers. The modified Staudinger equation, 
['7] =K.Mo<., which is in common use, was shown to be a special case of this 
equation. Later, the validity of the various viscosity theories for dilute polymer 
solutions was tested in terms of the available literature values of the linear 
expansion factor" calculated for solutions of well-defined fractions of a number 
of polymers in different solvents182 • Flory's theory was found to be of limited 
applicability, while Kurata, and Ptitsyn theories were in good agreement. 
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However, in the case of polymer solutions in various solvent-nonsolvent mix-
tures183, Kurata's equation seems to be somewhat better applicable than those 
of Ptitsyn or Flory. The various viscosity theories were also tested184 in terms of 
the coefficients of radii of gyration c<83, obtained from light scattering data 
available in literature for fractions of different polymers. The agreement between 
theoretical relation and experimental values is not substantially improved. 
It seems Kurata's equation based on an equivalent ellipsoid model is the best. 
Pal it's equation provides a good fit with experimental data in almost all the cases. 
Viscometric and osmometric studies have been made with poly(methyl 
acrylate)185, poly (m-methyl styrene)186·187 and poly(alkyl methacrylates)tss 
in various solvents to calculate the unperturbed dimension and conformational 
parameters of the polymers in solutions. The applicability of various viscosity 
theories has also been critically analysed from the dependence of the expansion 
factor .t.. on molecular weight. As observed with the other systems, Kurata, and 
Ptitsyn theories are in better agreement with experimental data compared to 
Flory's theory. 
A wide variety of cosolvents has been reported for a series of polymersl89. 
Such a cosolvent pair for a polymer offers a broad spectrum of solvents for 
study of solution properties and hence provides very convenient solvent media 
of graded solvent power. Viscometric, osmometric and light scattering studies 
have been made190-192 on polystyrene and poly (methyl methacrylate) samples 
in different cosolvent mixtures at different compositions. An optimum composi-
tion with a minimum in osmotic p. value and viscometric Huggins constant and 
a maximum in intrinsic viscosity and dissymmetry coefficient has been found 
to exist. This indicates that the composition showing the maximum solvent 
power is a true optimum composition in which solute-solvent interaction is the 
largest and the molecule has its greatest extension. The optimum solvent com-
position was shown to correspond very well to the one obtained from a theoretical 
equation derived from the thermodynamic approach of Scott. The unperturbed 
dimensions determined in the cosolvent systems were found to agree well with 
the literature values. Xylene-carbon disulphide has been found to be a very 
good cosolvent system for polyethylene193 with the optimum composition in 
agreement with that predicted by the theoretical equation. 
A close examination of the algebraic foundations of the various equations 
proposed for a single-point determination of the intrinsic viscosity of polymers 
has led to the conclusion that these equations follow from the mere definition 
of intrinsic viscosityl94. Solomon and Ciuta's equation was found to accurately 
represent the variation of viscosity with concentration for dilute polymer 
solutions. 
Intermolecular association of polymer molecules containing polar end-
groups like carboxyl, isothiouronium group etc., having bearing on their 
molecular weight determination has been investigated195. Significant association 
occurs in non-polar solvents like toluene, while no association occurs in tetra-
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hydrofuran. Intramolecular association of the carboxylate groups at the ends 
of a polymer molecule was also investigatcd195 by following the spectral change 
of a cationic metachromatic dye, pinacyanol, bound to the carboxylic groups 
of a, w-poly (butadiene dicarboxylic acid) and a, w-poly (styrene dicarboxylic 
acid). It was found, as expected, that the extent of association decreases with 
increase in polymer chain length and increase in solvent polarity. 
(i) Grafting: Graft copolymers of acrylic acid on to polyvinyl alcohol and 
methyl cellulose has been prepared by use of KMn0l15 and eerie ion116 as 
initiators in redox combination with the polyols in aqueous medium. The 
graft copolymers obtained were water soluble and were characterized by 
viscosity and solubility measurements. The grafting efficiency was determined 
by estimating the carboxyl group content in the copolymer by reverse dye-
partition technique. Effect of catalyst and monomer concentrations, and of 
grafting time on the efficiency has also been investigated. 
Preparation of graft or block copolymers via sulphonamide formation has 
been reportcd197• A styrenc- MMA copolymer (l : l) was chlorosulphonated 
to introduce sulphonyl chloride groups in the polymer. This was then reacted 
with polymethyl methacrylate and polyacrylonitrile containing amino end-
groups (obtained by polymerizing the monomer with an amino group bearing 
initiator). Graft polymers were obtained which were characterized by viscosity 
and solubility measurements. 
Successful grafting of polymethyl methacrylate and polyacrylamide chains 
on cellulose moiety was achieved by utilizing soda cellulose and cellulose 
xanthate as activators in redox combination with halogens and a few other 
oxidants as initiators19s. 
(j) Miscellaneous: (i) The polyesterification kinetics of di-, tri- and tetra-
hydroxy stearic acids has been studied199• The activation energy for these reac-
tions are nearly equal to that for simple esterification reactions, but the reaction 
velocity constant increases with the number of hydroxyl groups in the acids. 
The final condensation products contained branched-chain molecules. 
(ii) The nature of shellac solutions has been investigated by determining 
the degree of depolarization of scattered light by shellac solutions in different 
solvents200 • The results indicate that the scattering units are fairly large and 
they first diminish and then increase in size with concentration. This was 
explained by assuming the existence of anisotropic units which interlock at 
higher concentrations and give a continuous structure at the gel point. 
(iii) A method201 was developed for the molecular weight determination 
of nylons taking advantage of Palit's method of titration of weak bases in organic 
solvents with perchloric acid solution in glycolic mixtures. The nylon was dis-
solved in phenol containing a small amount ,of glycol and titrated electrometri-
cally with perchloric acid solution in 1 : l glycol-isopropyl alcohol mixture. 
1--Iolecular weight was calculated from the equivalence point. 
(iv) The kinetics of hydration of vinyl acetate-maleic anhydride copolymer 
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in aqueous solution has been studied by conductivity measurcments202 • Results 
indicate that the hydration of a polymeric anhydride is essentially similar to 
that of a monomeric anhydride i.e., succinic anhydride, which is structurally 
akin to the reacting unit in the copolymer. 
(v) It was found203 that electrolysis of methyl methacrylate with sodium 
acetate in propylene glycol resulted in the formation of insoluble polymer at 
the cathode. Initiation was thought to be due to sodium or hydrogen atoms 
liberated during electrolysis. 
(vi) It was later observed204 that aqueous solutions of methyl methacrylate 
containing sodium acetate when electrolysed between platinum electrodes in 
an almost closed large tube go on yielding polymer at the anode for a long 
time even after the current is switched off. Long-lived free radicals are presum-
ably formed in the system. 
(vii) A copolymer of aminostyrene and methacrylic acid was found to 
exhibit a behaviour similar to denaturation of native proteins205• The effect 
of pH, temperature, and addition of organic solvents on the insolubilization of 
this synthetic polyampholyte was investigated. 
(viii) A polyampholyte with "built-in" dye was prepared206 by diazotizing 
a copolymer of aminostyrene and methacrylic acid followed by coupling the 
diazotized product with 3-hydroxy-naphthalene-2,7-disulphonic acid. The 
insolubilization and light absorbing properties of this polymer-dye was investi-
gated. 
(ix) New redox resins ofpolyphenyl benzoquinone type have been prepared 
by reacting hydroquinone with phenyl radicals generated by decomposition of 
a polymeric diazonium chloride (obtained by diazotization of a crosslinked 
aminostyrene resin) 207. Redox potentialities of this type of redoxresins have 
been examined. 
(x) A polyampholyte bearing NH2 or COOH groups on alternate carbon 
atoms was prepared by a one-step Hofmann reaction from polyacrylonitrile208• 
Probable mechanisms of the reaction steps have been discussed. 
(xi) The role of polymeric phenol as compared to monomeric one as anti-
oxidant in hydrocarbon oxidation has been examined and it was found that 
polymeric phenol behaves much more efficiently than phenol209• 
(xii) Investigations were made on the cyclization of polyacrylonitrile 
which was found to occur on treatment of the polymer with chlorosulphonic 
acid210. 
2. STuDIEs oN RuBBER 
Although vulcanization of rubber has been known and found wide appli-
cation in rubber industry for more than a century, the precise chemical changes 
involved are still a matter of considerable speculation. Vulcanization results 
in the introduction of crosslinks between the polymeric chains to give three-
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dimensional network structures, but the exact nature of these crosslinks is far 
from being elucidated. The general contention is that vulcanization is an 
extremely complex process involving a great variety of reactions between rubber 
and sulphur. Systematic investigations are being carried out in the Association 
on different problems related to the vulcanization of rubbers to gain more 
knowledge about the vulcanization process. Attention has been paid mainly 
to the fellowing aspects: kinetic studies on vulcanization of rubbers, structural 
characterization of rubber vulcanizates, analysis of sulphur and different 
compounding ingredients and studies in hard rubber reactions. 
Kinetic Studies: During vulcanization of rubber with sulphur alone or in 
the presence of accelerators and other compounding ingredients, reaction 
occurs between rubber and sulphur to form the rubber vulcanizate. The kinetics 
of the reaction with respect to the consumption of sulphur during unaccelerated 
vulcanization of natural rubber has been studied employing amperometric 
titration technique211• It has been found that the initial first order reaction 
changes to 0·7th order as the vulcanization progresses indicating the auto-
catalytic nature of the reaction. The activation energy and the frequency factor 
were fonnd to be 35·6 kcalfmole and 7·4 X 1016 respectively and favour the 
suggestion that the process is governed by the spontaneous thermal breaking 
of the S8 ring. The effect of the accelerator 2-mercapto benzothiazole (MBT) 
on the vulcanization reaction has also been studied212 and a mechanism in-
volving the attack of MBT on sulphur ring has been suggested to explain the 
results. The effects of zinc oxide and stearic acid on the accelerated vulcaniza-
tion have also been investigated213 • Kinetic studies have also been made214 
on the accelerated and unaccelerated vulcanization of the synthetic rubber 
cis- 1, 4-polybutadiene to determine the effect of the structure of rubber on the 
vulcanization reaction. It was observed that as regards the shape of the reaction 
curve and order of the reaction the behaviour of cis- I, 4-polybutadiene is 
essentially similar to that of natural rubber. The rate of sulphur combination 
is however slower than in the case of natural rubber. 
The kinetics of crosslinking reaction during vulcanization of natural rubber 
has also been studied215 and a correlation attempted between the disappearance 
of sulphur and formation of crosslinks. The former is usually faster in un-
accelerated and MET-accelerated vulcanization, but in the presence of ZnO 
and stearic acid this becomes slower than the crosslink formation. 
Possible reaction of MBT with rubber during mastication has also been 
investigated218• It was found that there is no appreciable reaction in the absence 
of sulphur when extracted rubber is used. In the case of non-extracted rubber, 
some loss of MBT occurs through side reactions with non-rubber ingredients 
extractable with acetone. 
Structural Characterization of Vulcanizates: In addition to the different types 
(mono-, di- and poly-sulphide) of crosslinks present in the vulcanizate networks, 
there are also present thiol groups, cyclic sulphides, pendent sulphur containing 
RESEARCH CONTRIBUTIONS 161 
groups and extra-network material such as accelerator residues, antioxidants, 
pigments, fillers etc. In addition, there also may be main chain modifications. 
Attempts have been made to determine the thiol groups217 · 218 and different 
types of sulphur linkages2a. 219 formed along with · their distribution in the 
vulcanizates of natural rubber and cis- I, 4-polybutadiene under different 
vulcanization conditions. Use has been made of different selective chemical 
probes for the characterization of the vulcanizate networks. It has been observed 
that the polysulphides gradually increase to a maximum and then decrease 
with cure time. Monosulphides and cyclic sulphides usually increase with cure 
time. This means that polysulphide linkages are first formed which later on are 
rearranged to form more stable structures containing less number of sulphur 
atoms. The polysulphide crosslink values are found to be higher and mono-
sulphide values lower for natural rubber than in the case of cis- I, 4-poly-
bu.tadiene. Further, most of the sulphur goes to form cyclic sulphide structures 
indicating the inefficiency of sulphur as a crosslinking agent in unaccelerated 
systems. The difference in the behaviour of natural rubber and cis- I, 4-poly-
butadiene is essentially of degree rather than in kind and whatever difference 
is observed may be ascribed to the presence of a methyl group in natural 
rubber. 
Structural characterization of natural rubber and its unaccelerated 
vulcanized sample has also been made by ozonolytic degradation220 · 221 . The 
results indicate that about 5% of the rubber chain is present as a 3, 4 structure 
which gives rise to formic acid on ozonolysis. Also an idea is obtained about 
the distribution of the polymer backbone of the vulcanizate into parts which 
is crosslinked with sulphur and which is remaining uncrosslinked with in-
creasing proportion of sulphur in the stock. 
Analysis of Sulphur, Accelerators and Antioxidants: In order to follow the course 
of vulcanization and understand its mechanism it is necessary to analyse 
the sulphur and other compounding ingredients e.g., accelerators and 
antioxidants, present in the sample with the progress of cure. Attempts have 
been made to develop suitable analytical procedures for the accurate 
estimation of such compounds. Modified amperometric methods have been 
successfully applied for the precise estimation of sulphur222 · 223, thiazole and 
sulphenamide type of accelerators224-226 and thiuramdisulphides227. Spectro-
photometric methods have been developed for the estimation of p-pheny-
lenediamine type of antioxidants and other amine and phenol type 
an tioxidan ts22S-230. 
Studies in Hard Rubber Reaction: The heat of reaction and the tempera-
ture of initiation in the exothermic hard rubber reactions have been deter-
mined by differential thermal analysis. The effect of varying proportions of 
sulphur, organic accelerators, metallic oxides and fillers have been inves-
tigated231-236. The results throw light on the mechanism of hard rubber 
reaction. 
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3. STuDIES oN PoLYSACCHARIDES 
Polysaccharides are condensation polymers of monosaccharides which are 
linked glycosidically eliminating water. The most commonly found mono-
saccharides in these macromolecules are glucose, galactose, mannose, arabinose, 
xylose and their derivatives. The glycosidic linkage between the sugar units 
are of .t..- or {3-type and the position of the linkage may be at one or more of the 
hydroxyl groups in these units. It is thus possible to have different polysaccharide 
molecules with a single sugar unit. For example, both starch and cellulose 
contain glucose as constituent monosaccharide unit but the difference lies in the 
nature of the glycosidic linkage; starch has .t..-type linkage whereas cellulose 
contains {3-type. Again, in starch there are two types of molecular species 
namely, amylose and amylopectin. Amylose is a straight chain molecule and 
amylopectin is branched. The molecular weights of polysaccharides are generally 
in the range of 104 to 1 os. 
The importance of the roles played by cellulose and starch in plants and 
their uses to mankind are well-known. There are other kinds of polysaccharides 
from plant sources, such as hemicelluloses, gums, mucilages, pectins etc. These 
polymers contain more than one kind of sugar residue and the type and posi-
tion of the glycosidic linkage between the different sugar units are different. 
It is obvious that the overall nature and properties of these macromolecules 
are governed by the glycosidic linkages. These polysaccharides are used for 
many commercial purposes depending upon their properties and it is possible 
to improve these properties by modifying their structures. To effect such modi-
fication it is necessary to understand their structures. With this end in view 
structural investigations on polysaccharides were initiated. 
To elucidate the structure of a polysaccharide the molecule is degraded to 
smaller units by various methods and the oligosaccharides obtained are 
characterized. Methylation, periodate oxidation, Barry degradation and 
Smith degradation studies are utilized to understand the position of the link-
ages between different sugar units and their sequences. Use of recent techniques 
like gas-liquid chromatography, high pressure liquid chromatography, mass-
spectrometry etc. has enabled us to use smaller quantities of the materials with 
more analytical precision. After establishing the structure of the repeating 
unit of a polysaccharide, molecular weight of the material is determined by 
methods like osmometry, viscometry, light-scattering and ultracentrifuge. 
The structures of various polysaccharides isola ted from different plant 
sources were established and the repeating units of each is given below. Two 
galactomannans were isolated, one from Cocos nucifera and the other from 
Borassus jlabellifer Linn. The former237 one contains a main chain of (1----+4) 
linked D-galactopyranose and D-mannopyranose residues with single unit 
branches of both hexopyranose units; each repeating unit contains about 
nine hexose units. In another fraction from the same source a mannan24o, 
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having a larger repeating unit, was isolated. The galactomannan238 isolated 
from B.jlabellifer Linn has a different repeating unit. ,8-(1~4) Linked D-manno-
pyranose units formed the main chain and single .(.-linked galactose residues 
are joined to 6-position of mannose unit in the main chain. Pure mannan 
fraction was also characterized from the same source239• 
The starch obtained from Trapa bispinosa Roxb, has typical characteristics 
of usual starches241 . The amylopectin content was higher than that in the other 
starches. The physico-chemical characteristics were studied. Commercial 
exploitation of this starch was tried at. An arabinoxylan from Pisum sativum 
was isolated. It has a main chain of ( l ~4) linked xylopyranose residues with 
arabinofuranose residues as single unit side chains linked to 3-position of 
certain xylose units in the main chain242-244. 
The gum polysaccharide from Odina wodier Roxb has a complicated 
structure245 • 246 • The main chain is composed of (1~6) linked galactose units. 
C3-position of some of these residues are joined glycosidically to either galac-
turonic acid or galactose units; in some places 3 and 4 positions of the same 
hexose units are linked to galactose moiety. The arabinofuranose residues are 
present in the side chains. The structure of the bael gum has also been cstab-
lished247. In some respects it resemblesjeol gum. It is possible to modify the struc-
ture of these polysaccharides to give molecules with improved gum properties. 
Another type of glucan248- 250 was isolated from Mangifera indica Linn. 
It gave a violet colour with iodine as in the case of amylopectin. The main 
chain contains 1, 4-linked D-glucopyranose residues with branches having nine 
1, 3-linked units; the branches originate from 6-position of every tenth unit in 
the backbone chain. This material could be degraded by non-specific starch 
degrading enzymes. 
The pectic substances isolated from Artocarpus integrifolia, and Carica papaya 
were found to be mixtures of galacturonan, galactan and araban. The galac-
turonan251-255 was found to be a straight chain molecule having 1~4 linked 
galacturonic acid residues. The galactan component256 contains (1~4) linked 
galactopyranose residues. A pure araban could not be isolated from any of the 
above mentioned sources but a pure material257 was isolated from Psidium 
guajava Linn. It is composed of ( 1--> 5) linked arabinofuranose residues as main 
chain with branches originating at 3-position of some of these arabinose residues. 
The branches contain one or two units and in the latter case the linkages are 
the same as in the main chain. The galacturonan25B from Allium Cepa Linn has 
the same structure as described above. But the galactan obtained from the same 
source is a branched molecule259 . At the branch points 4 and 6 positions of 
galactopyranose units are joined to other sugar moieties . 
It is well-known that amylose and amylopectin in starch form complexes 
with iodine. The kinetics of decomposition of the complex was also studied260 
to have a better understanding about the nature of the bonds involved in the 
complex. 
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The hemicellulose from a variety of a fibre, Agave americana Linn contained 
(1-+4) linked xylopyranose residues in the main chain and has 4-0-methyl-
glucopyranosyl uronic acid residues linked to the 2-position of the xylose residues 
in the main chain261 . 
The seed polysaccharides of the genus Phaseolus of the Leguminaceae family 
also attracted attention. Different seeds belonging to the same genus, have 
different sizes and shapes. To throw some light on genetic factors , investigations 
on polysaccharides of these seeds were undertaken262 • 263• In all these seeds, 
glucose, galactose and arabinose are generally predominating. Glucose is in the 
main chain joined through o(-1, 4 linkages with galactose and arabinose and 
in some places glucose as single unit side chains. The branches are through 3 
and 6 positions of the hexose unit in the main chain. The weight average mole-
cular weights are of the order of 107• From the physical measurements like 
viscosity and light-scattering the molecule was considered to have the shape of 
a coil. Depending upon the sub-group of the genus from which the material 
was isolated the distance between branches differed and this was reflected in 
the shape and the end-to-end distance of the molecule. 
During 1950's the importance of the cell wall constituents of the microbes 
in immunochemical reactions was realized. In many cases, it was observed 
that the carbohydrate portion of the capsules or cell walls were responsible for 
antigen-antibody reactions. They are polysaccharide, lipopolysaccharide or 
protein-lipopolysaccharide in nature and are called specific substances. At 
the same time a pure polysaccharide or a lipopolysaccharide is not immuno-
genic and these substances are called 'haptens'. The attention of many labora-
tories working on polysaccharide chemistry, was diverted to these important 
substances; besides, synthetic polymers are replacing the plant polysaccharides 
in their use. To keep abreast of the spirit of the current researches, the carbo-
hydrate research labora tories of the section of Macromolecules of the Association 
also started working on these substances from 1968. 
The capsular materials of Pneumococcus contain antigenically specific 
substances which are polysaccharide in nature. Other pa thogenic bacteria like 
Shigella and Vibrio have these specific materials in the cell wall; some of the 
0 somatic antigens are lipopolysaccharide in character. Each type of bacteria 
in a particular group has definite structural groupings of sugar residues that 
take part in antigen-antibody reactior.s. Structural investigations on these 
bacterial antigens (hap tens) are useful in identifying the specific groups or 
groupings of sugar molecules. 
In some cases it has been observed that gums and other polysaccharides 
obtained from plant sources, precipitated antibodies raised against some 
bacteria, for example Pneumococcus. It was observed by Heidelberger in 1956 
that this behaviour was due to the presence of common sugar groupings in these 
two materials. One can identify certain sugar groupings in a polysaccharide 
by studying two aspects: (a) the structure of the polysaccharide giving precipitin 
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reaction in an antiserum and (b) the immunologically specific groupings in the 
polysaccharide isolated from the bacteria against which the antiserum is raised. 
Considerable work has been done on these aspects using Pneumococcal sub-
stances but much information is still to be obtained. 
Hualtaco gum obtained from the tree Loxopterygium husesango, was found to 
cross-react in Pneumococcus types I, II, XXII and XXIII antisera2M. In 
Pn type XXIII sera, hualtaco gum could precipitate about 75% of the anti-
body, as was also done by gum arabic. From these results it can be expected 
that there are some structural similarities between hualtaco gum, gum arabic 
and type XXIII Pneumococcus polysaccharide. On chemical investigations on 
hualtaco gum it was observed that the main chain of the polysaccharide mole-
cule was composed of 1, 3-linked galactopyranose residues. Most of the sugar 
residues are involved in branch points through 6-positions. The side chains 
contained either rhamnose residues or aldobiouronic acid units composed of 
galactose and glucuronic acids as non-reducing ends; some of these non-reducing 
ends are connected glycosidically to other residues like arabinose. The structure 
of gum arabic is known. Correlating all these data one can conclude that the 
heavy cross-precipitation in Pn Type XXIII anti-serum is due to the presence 
of similarly linked o(.-rhamnoyl-D-galactose residues in these molecules. The 
other heavy cross-reaction was in Pn Type XXII antiserum and this was 
ascribed to the presence of non-reducing .(.-rhamnose residues. 
In the case of mangle gum obtained from the tree Rhizophora mangle L, 
cross-reactions were observed268 in Pn Type I, II, VI, XIV and XXII; the one 
in the second anti-serum was major. The mangle gum polysaccharide269 • 270 
was found to contain galactose, arabinose, rhamnose, galacturonic acid and 
4-0-methyl-glucuronic acid. The main chain is composed of (1--+4) linked 
aldobiouronic acid units in which galacturonic acid residues are glycosidically 
linked to 2-position of rhamnose moieties. The non-reducing end of the macro-
molecule contains galactose, arabinose, rhamnose, galacturonic acid and 4-0-
methyl-glucuronic acid residues. The molecule is highly branched and each 
repeating unit has about 45 sugar units. From the assigned structure of the 
gum polysaccharide the cross-reactions could be explained. The massive reac-
tion in anti-Pn II is due to non-reducing endgroups of 4-0-methyl-D-glucuronic 
acid. D-galacturonic acid units are responsible for the precipitation in anti Pn I 
whereas D-galactose end residues for the reaction in anti Pn VI. The presence 
of L-rhamnose residues caused cross-reaction in anti Pn XXIII. 
Pneumococcus Type XXII antisera were shown to give cross-reactions 
with some plant polysaccharides especially those containing o(.-1, 4-linked glucose 
residues; synthetic polyglucoses, oyster glycogen, rabbit liver glycogen, alkali 
purified amylopectin are some of them. Many minor reactions in this antiserum 
were also described. To explain these cross-reactions from structural point of 
view, Pneumococcus Type XXII polysaccharide (S XXII) was taken up for 
investigations. S XXII was found271 to contain phosphorus in its repeating 
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unit. The non-reducing ends are found to be composed of rhamnose, galactose, 
glucuronic acid units. A (1-+4) linked glucobiose unit forms part of the repeating 
unit. Other sugar residue namely, arabinose, is in the interior of the molecule. 
This is the first Pneumococcal polysaccharide among those investigated so far, 
that contains arabinose as one of the constituents of the molecule. From the 
structure assigned it is possible to explain some of the cross-reactions observed 
earlier. 
Other set of macromolecules undertaken for investigations, was from 
Vibrio cholerae bacteria. In this case also the polysaccharide portion of this gram-
negative bacteria, was found to be responsible for antigenic specificity. The 
macromolecule is lipopolysaccharide in nature and as expected the lipid portion 
has no interest from immunological point of view. There are mainly two varieties 
of Vibrio cholerae bacteria, namely, Ogawa and Inaba. It seems that there are two 
varieties of polysaccharide materials in them, one is acidic in nature and the 
other neutral. Attempts are being made to characterize them and see whether 
they can be separated on type specific and group specific material as in the case 
of Pneumococcus. 
Model compounds like benzyl-2, 3, 4-tri-0-( chloroacetyl)-,8-D-glucopy-
ranosiduronic acid have been synthesized272 with a view to using them in im-
munochemical reactions. 
Very recently researches on glycoproteins, a kind of macromolecules in 
which the carbohydrate units are covalently linked to the amino acids in 
a protein chain have been initiated. Excepting a few pioneering studies, most 
of the work on glycoproteins has been undertaken since early sixties and rapid 
progress has been made during this short period. This branch of macromolecular 
chemistry has also attracted the attention of many laboratories in the world. 
The glycoproteins represent compounds of most diverse functions and 
properties. They include all the plasma proteins, proteins of cellular and 
extra cellular membranes, and both soluble and insoluble components of 
connective tissues except albumins. The diverse nature of the glycoproteins 
indicates that they carry out numerous biological functions. They can have 
enzyme and hormone activities, they can take part in antigen-antibody inter-
actions, metal and hormone transport, binding phenomena and the clotting 
mechanism. They can serve as lubricants, filtration barriers and supportive 
structures. 
The glycoprotein material isolated from the connective tissue of an inverti-
brate Hirudo medicinalis has greater proportion of carbohydrates than the glyco-
proteins from other sources. This glycoprotein was fractionated into a pure 
collagen fraction and a non-collagen fraction. In the collagen fraction which 
is essentially homogeneous, galactose occurs in greater proportion than glucose. 
A glycopeptide fraction (heterogeneous) has been isolated after enzymic de-
gradation of the collagenic glycoprotein. Attempts to understand the nature of 
the bonds between the sugars and those between the sugars and peptides, were 
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made (unpublished_ work). Some glycopeptide fractions were isolated and 
characterized. 
A glycoprotein has also been isolated from the submaxilliary glands of 
capra, through cold extraction with water and cetavlon precipitation method. 
The purified glycoprotein has 7% of total hexoses, 12% of total hexosanines 
and 9% of N-acetyl neuraminic acid. Various degradations have been carried 
out on it to understand the nature of the glycopeptide linkages present in it. 
Another glycoprotein has been isolated from the skin of Pisces. Besides neutral 
and amino sugars, this material contains uronic acid and sulphated sugars. A 
glycopeptide fraction has been isolated through repeated non-specific enzyme 
treatments. Characterization of the carbohydrate units in these glycopeptides 
has been undertaken through graded hydrolysis, isolation of the oligosaccha-
rides, and studying the nature of these oligosaccharides. A pure immuno-
globulin fraction IgA has been isolated from human milk. The structure of 
the secretory component of this material is being determined. 
4. STUDIES ON NucLEIC Acm 
Investigations were carried out with nucleic acids273- 275 with a view to 
locate the sites in the nucleic acid molecule where metal ions and cationic 
dyes get bound. These studies would throw light on the mechanistic aspects of 
their binding to nucleic acids and the effect of metallic cations like Na(I), 
Mg(II) and Cu(II), on the interaction of cationic dyes like methylene blue 
with calf thymus DNA and whole yeast RNA. Spectrophotometric studies 
showed that though the presence of Na(I) or Mg(II) during the dye-nucleic 
acid titration caused reduction in the extent of hypochromism by decreasing 
the dye-dye interaction (by increasing the ionic strength of the medium), the 
complete shielding of anionic phosphate groups did not take place. It has also 
been felt that the added cationic dyes probably replace the metal ions which 
are weakly bound by the potential that surrounds the nucleic acid macro ion. 
The order of binding of sodium, magnesium and cupric ions to the nucleic 
acid-phosphate increases in the order mentioned. These are manifested in 
the values of intrinsic viscosities. From a comparison of the viscosity values 
of Dye-DNA-Mg(II) and Dye-DNA-Na(II) and those of DNA-Mg(I) and 
DNA-Na(I) it is concluded that the function of metal ions is the same in DNA 
and DNA-MB complexes. It seems that no replacement is made by these cations 
of the intercalated portions, but Cu(II) removed a part of the intercalated 
dye. These studies throw light on the nature of the interaction of the cationic 
dyes with nucleic acids in the presence of different metal ions. 
5. STUDIES ON HuMIC Acm 
Soil humic substances are the other set of macromolecules that attracted 
168 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
the attention of chemists of different disciplines for over five decades. Humic 
acid, fulvic acid and hymatomelanic acids are the main organic components 
that can be obtained from soil humus. There are many theories regarding the 
formation of these substances in the soil. They play important roles in soil 
fertility but the structure of these complex macromolecules are not fully under-
stood. 
AU the three fractions contain phenolic substances as their main back-
bone. Humic acid, fulvic acid and hymatomelanic acid contain besides the 
phenolic backbone, amino acids and sugars276 • The latter two components 
are present as polypeptides and oligosaccharides respectively. It is possible 
that at some places they are attached t_o aromatic substances as single units. 
Different substances are isolated as homogeneous fractions. The fulvic acid 
portion could be further separated into two components, one precipitating 
at pH 4·8 and the other at 8·0. The amino acids and sugars were identified in 
both fractions. In the fraction precipitated at 4·8 the carbohydrate portion is 
removed by enzymic treatment and the oligosaccharide isolated was charac-
terized. The structure of the pentasaccharide containing galactose, mannose, 
xylose, arabinose and galacturonic acid, was established277 • On treatment with 
pronase some of the amino acids were released. The physico-chemical charac-
teristics like viscosity etc. have shown interesting differences between fulvic 
acid fractions degraded by different methods. The enzyme-degraded material 
moved as a single substance on paper electrophoresis whereas on further acid 
hydrolysis it gave four different substances (unpublished work). These results 
indicate that fulvic acid is comparatively a simpler molecule than humic acid 
and it may be possible that the former one is a precursor of humic acid in the 
biogenesis. The physico-chemical properties of the clay-humus complex and 
of the synthetic humic acid have also been studied2 78-280 . 
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5.5. CHEMISTRY OF COORDINATION COMPOUNDS 
IN the field of chemistry of coordination complexes, researches have been and 
are being conducted on preparative and structural aspects of complexes of metals 
-both non-transitional and transitional, including the rare-earths. Studies 
relating to the nature of the chemical bond and valency problem of a variety 
of complexes with different organic an'd inorganic ligands, the evaluation 
of formation and stability constants of such complexes by pH, potentiometric, 
photometric, polarographic and ion-exchange methods, the studies on the 
kinetics and mechanism of substitution reactions in coordination complexes, 
the stabilization of unusual oxidation states of certain metals through complexa-
tion with appropriate ligands and many such allied problems are also included 
in the research programme in this field. 
1. PREPARATIVE AND STRUCTURAL INORGANIC CHEMISTRY 
A large number of inner-metallic complexes having polycyclic rings have 
been prepared and studied with bivalent copper, nickel, cobalt, manganese, 
tervalent iron, quadrivalent vanadium and sexavalent uranium ligated with 
schiff bases derived from aryl aldehydes (salicylaldehyde, 5-sulfo-salicylaldehyde, 
resorcylaldehyde, o-hydroxynaphthaldehyde, 3-aldehydo-salicylic acid etc.) 
and amines or amino acids (glycine, alanine, anthranilic acid, sulfanilic acid, 
glycine hydroxamic acid etc.).l-14 The ligands under different conditions 
function as either bi-, tri- or tetradentate units. Various physico-chemical 
studies on the resultant complexes have been carried out to ascertain the 
character of chemical bonds involved in their formation and also their probable 
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structures. Schiff base-type of condensation of salicylaldehyde has also been 
effected with amino-alcohols, amino-guanidine, unsubstituted biguanide and 
guanylurea and mono-substituted biguanidies and guanylurea o-alkyl ethers. 
The resultant products have been used as ligands for synthesizing transition 
metal complexes, detailed study of which has also been carried out. The bis-
schiff bases of ~-diketones (like diacetyl) with amino-acids (like glycine) can 
not be prepared by direct condensation of the two ingredients as in the common 
procedure for the synthesis of schiff bases. This has been achieved by the 
reaction ofbis-glycinato copper(II) complex with diacetyl (template synthesis). 
The ligational properties of the tetradentate schiff bases thus obtained have 
been studied. A comprehensive study of the complex compounds of amidoximes 
(bcnzamidoxime, salicylamidoxime, nicotinamidoxime and mandelami-
doxime), with copper, nickel, cobalt and palladium has revealed many new 
interesting points relating to valency and structure of these compounds and it 
has been shown that amidoxime group is capable of forming inner metallic 
chelates15. Metallic complexes of thoramides ( dithiobiuret and thioammeline) 
have also been prepared and studied16• 
In the area of metallic complexes of biguanides and related compounds, a 
large number of mixed-ligand complexes of trivalent cobalt of biguanides co-
ligated with ammonia, pyridine and amines like methyl-, ethyl-, propyl- and 
benzylamines have been prepared and studied. A series of complexes of ethylene-
dibiguanide with copper, nickel, cobalt and chromium have been prepared1aa. 
Some novel compounds of tetravalent palladium, tetravalent platinum and 
trivalent ruthenium with biguanide have also been isolated for the first time.l7 
The infra-red spectral studies on vanadyl biguanide complexes have also been 
reported18• The isolation and characterisation of a number of metal complexes 
of heterocyclic biguanides (morpho line biguanide and piperidine biguanide) 
have been made and some novel features in the reactions of some of the metal 
complexes of this type of biguanides have been identified, which are uncommon 
to the reactions of other metal-biguanide complexes so far studied19. A detailed 
investigation on the hydroxy-alkyl biguanides, with particular reference to 
their coordinating capability with metal-ions and the stability of the resultant 
complexes has also been made2o. The reaction of dicyandiamide and copper 
salts in presence of different alcohols yielded copper(II) complexes of guanyl 
alkyl ureas (better known as guanyl urea o-alkyl ethers). The isolation of this 
class of organic ligands from the copper complexes was effected and the ligands 
were employed in the preparation of a series of metallic complexes which were 
thoroughly studied21- 24. A systematic investigation of complexes with about 
60 different hydroxamic acids with metallic ions like copper, nickel and cobalt 
has been made. It has been shown that under different experimental conditions, 
metallic complexes of different structures and stoichiometries were formed25. 
A number of cobaltic complexes of sexadentate chelating ligands has also been 
prepared and studied26 • Flexidentate behaviour of EDTA was also exposed 
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through the isolation and characterisation of anions [Cr(OH) (EDTA)]-2 
and [Fe(OH) (EDTA)]-2 as their bis (biguanide) copper(II) salts. EDTA 
was shown to behave as a quinquidentate ligand in these complexes27 . A sus-
tained investigation on the synthesis and properties of oxo-vanadium(IV) 
complexes of quinaldinic acid, hydoxamic acids, hydroxytriazines and guanyl-
urea o-alkyl ethers produced many interesting penta and hexa-coordinated 
oxo-vanadium(IV) complexes. A series of oxo-alkoxobis (hydroxamato) vana-
dium(V) complexes have also been synthesized28 •29 • Metallic complexes of 
Ag(I), Pd(II), Cd(II), Zn(II), Pb(Il), Co(II), Ni(II), Fe(II), Mn(II) and 
Cr (III) with a number of mono- and dicarboxylic acid hydrazides (acetyl 
hydrazide, malon dihydrazide, substituted malon dihydrazide, succin dihy-
drazide, benzoyl hydrazide and phenyl acetyl hydrazide) have been synthesi~ed 
and studied and it was shown that these type of ligands may behave either as 
bidentate or tridentate units. Similar studies of metallic complexes of some 
substituted hydrazines (N-thiocarbamoyl-N -carbamoyl-, N-phenylthiocar-
bamoyl N -carbomoyl-, N-thiocarbamoyl N -phenyl-thiocarbamoyl-, N-ethyl-
thiocarbamoyl N -carbamoyl hydrazines) have also been made30-39• 
A number of nickel(II), cobalt(II), copper(!), silver(!) and mercury(!) 
complexes of substituted thiocarbazide (benzoyl-, acetyl-, nicotinoyl-, 2-chloro-
benzoyl-, and 2-hydroxybenzoyl thiocarbozides) have been prepared and 
studied. The ligands were found to yield different types of compounds--mono-
meric and polymeric--in which they exhibited bidentate nature by coordina-
tion through the sulfur and the hydrazine nitrogen atoms, the monodentate 
character by coordinating through sulfur atoms only and also in certain cases 
terdentate function by coordinating through sulfur, hydrazine nitrogen and 
amidonitrogen atoms. The ambidentate nature of some ligands containing 
both S and N atoms has been shown by isolating a number of metal complexes 
with 2-aminocyclopentene-1-dithiocarboxylic acid and its N-alkyl-, S-alkyl-
and N-alkyl-S-alkyl derivatives. The geometrical and linkage isomerisms 
associated with some of the resultant metal-complexes of these ligands have 
been investigated40-45. Metallic complexes of phosphoguanidine and pyrazine 
2, 3-dicarboxamide have also been synthesized46 • Physico-chemical studies on 
the formation constants of some metal-peptide complexes and the study of their 
electrode reduction have been carried out together with similar studies on 
cysteine and EDTA complexes of molybdenum (V & VI) 47 • 
A voluminous work on the coordination complexes of rare-earth metals 
using a variety of organic ligands has been carried out48 • Among the ligands 
used, the names of ,8-diketones are worth-mentioning. Both the open-chain 
and cyclic ,8-diketones were employed for synthesizing the rare-earth complexes. 
The open-chain ,8-diketones include acetylacetone, propionylacetone, benzoy-
lacetone, dibenzoylmethane and thiobenzoylacetone. The cyclic ,8-diketones 
used are 2-acetylcyclohexanone, 2-butyroylcyclohexanone, 2-isovaleroylcyclo-
hexanone, 2-butyryl-6-methyl-cyclohexanone, together with meltol, dimedone, 
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kojic acid and chloro-kojic acid which behaved like, ,8-diketones. The tris-
chelates as well as the bis-chelates containing aquo-and hydroxo-aquo-species 
of the rare-earth complexes of these ligands have been isolated and characterized. 
The stability constant values of these complexes have also been determined. A 
number of mixed chelates having different ,8-diketone moirties co-ligated to the 
same rare-earth metal ion in a complex has also been isolated. The octacoordina-
tion of lanthanons were shown by isolating a series of novel tetrakis complexes 
of dibzneoylmethane. ,8-ketoesters like ethylacetoacetate, ethylbenzoylacetate, 
3-methylethylacetoacetate and 3-ethylethylacetoacetate together with ethyl-
thioacetate and methyl salicylate have also been employed for the preparation 
of coordination complexes with lanthanons. Other ligands used for the complexa-
tiori. of rare-earth metal ions include schiff bases, hydrazides of mono- and 
dibasic organic acids, acetoacetanilide and its derivatives, together with sub-
stituted pyrazolone~ such as I -phenyl-3-methyl-4-benzoylpyrazolone-5. Mixed 
oxides of porovskite-type containing rare-earth metals and other transitional 
metal ions have been conveniently prepared by thermolysis of the corresponding 
tris-oxalates which also proved to be convenient starting materials for preparing 
rare-earth chromates. The structural aspects of the mixed-oxides have also been 
studied. Sulfur-bound rare-earth metal complexes of ligands like mono-
thio- ,8-diketones, particularly thiothenoyltriftuoro-acetone, thiobenzoylacetone 
and thiodibenzoylmethane have been synthesized in the form of tris-, tetrakis-
and mixed-tetrakis species. The extraction of these complexes in various organic 
solvents has been studied in detail49 • 
The condensation of biguanide and phenylbiguanide with acetylacetonc 
and ethylacetoacetate produced pyrimidine derivatives viz. 2-guanido-4, 6-
dimethylpyrimidine, 2-phenylguanido-4, 6-dimethylpyrimidine, 2-guanido-
6-methyl-4-hydroxypyrimidine and 2-phenylguanido-6-methyl-4-hydroxypyri-
midine respectively. All these pyrimidine derivatives were used for the prepara-
tion of stable copper (II) and cobalt (II) complexes where the ligands were 
found to exhibit bidentate function. The probable bonding sites in the molecules 
of these pyrimidines and the structure of the resultant complexes have been 
suggested50• The complex-forming ability of substituted pyrazoles and pyrazole 
derivatives has been exhaustively studied. The pyrazoles were found to <tct as 
neutral monodentate ligands, although under certain conditions the compounds 
of deprotonated pyrazoles (acting as pyrazolide ions) were isolated and charac-
terized. Bis- and tetrakis- complexes of pyrazoles with copper (II), nickel (II), 
cobalt (II) ions were isolated but any complex species containing six molecules 
of pyrazoles was not formed and this was attributed to steric factors. Even with 
hexa-covalent metal ions, the two coordination sites were found to be occupied 
by the coordinating anions. The stereochemistries of the metallic complexes 
were planar, tetrahedral or distorted octahedral, according to the metal ion and 
the anions employed for their preparation. Controlled heat treatment of the 
tetrakis complexes showed step-wise liberation of the coordinated pyrazole mole-
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cules resulting in new complexes of different stereochemistries as intermediate 
products which were isolated in certain cases and characterized. Quantitative 
studies in solution were also carried out to determine the stability of the com-
plexes and the different thermodynamic parameters of these reactions51. The 
substituted pyrazoles used are 3, 5-dimethyl-, 3, 4, 5-trimethyl-, I, 3, 4, 5-tetra-
methyl-, 1-phenyl-3, 5-dimethyl, and 1-phenyl-3, 4, 5-trimethyl pyrazoles. Some 
other substituted pyrazoles were also studied, which acted as exo-bidentate 
ligands for the metal ions mentioned above and they include 1-carbamido-, 
1-thiocarbamido-, l-carbamidino-3, 5-dimethyl pyrazoles and the correspond-
ing 3, 4, 5-trimethyl pyrazoles, 3-methyl pyrazole-5-carboxylic acid, 1-carba-
mido-, 1-thiocarbamido- and 1-carbamidino-pyrazolone-552• Of the other hetero-
cyclic ligands whose metallic complexes have been studied, mention should be 
made of I, 2, 3-benzotriazole and benzimidazole-2-carboxylic acid 53• PAS 
complexes of iron (II & III), Cu (II), Mn (II) and Zn (II) have been synthe-
sized. The stability towards thermal decarboxylation of the metal complexes 
was found to be much greater than that of the free acid and its sodium, potas-
sium or calcium salts. The bacteriostatic activity of the metal complexes of PAS 
is being studied. 
(2) STA:BILIZATION OF UNusuAL OxiDATION STATES OF CERTAIN METALs 
In the area of stabilization of unusual oxidation states of metals by coordi-
nation, a series of stable cationic complexes of tri- and tetrapositive manganese 
with biguanide and ethylbiguanide has been prepared and studied. Manganese 
(III) complexes of picolinic acid, oxine and a mixed-ligand species with bigua-
nide and acetylacetone have also been synthesized54·55. Manganese (IV) com-
plexes of piperazinedibiguanide and mixed-ligand complex containing triethy-
lenetetramine and acetylacetone have also been reported. In the last named 
compound, it has been shown that 'trien' is deprotonated in the complexation 
reaction with the metal ion-a fact which is of rare occurrence56. A number of 
stable manganese (IV) complexes of mono-, di- and tricarboxylic acids of pyri-
dine has also been isolated and studied. Complex compounds of bipositive silver 
with nicotinic and isonicotinic acid have been prepared and they were shown 
by X-ray measurements to be isomorphic with the corresponding Cu (II) 
complex57. Ag (II) complexes of quinolinic acid, cinchomeronic acid, iso-cin-
chomeronic acid, lutidinic acid, dipicolinic acid, pyridine-2, 3, 6- pyridine-2, 4, 
6- and pyridine-2, 4, 5-tricarboxylic acids have also been synthesized and 
studied58. Ag (III) complexes of piperazine dibiguanide have also been re-
ported59. Mention should also be made of a series of novel mixed-ligand com-
plexes of Cobalt (III) with 'Salen' (the schiff base derived from ethylenediamine 
and salicyladehyde) co-ligated with ,8-diketones, where it was shown that the 
'Salen' moiety which was so long being known to exhibit planar conformation 
in metallic complexes behaved non-planarly6o. 
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(3) CooRDINATION PoLYMERS 
Schiff bases and related aeomethines are well-known for the preparation of 
coordination polymers with metal-ions. Bis-schiff bases synthesized through the 
condensation of 5-formyl- 8-hydroxyquinoline with hydrazine, ortho- ;_nd 
p-phenylene diamines, benzidine, oxildihydrazidc and oxalhydraximidine has 
been utilized to prepared polymeric coordination compounds with metallic ions 
like copper (II), nickel (II), cobalt (II), manganese (II) and uranyl (II) ions. 
The resultant products corresponded to different compositions, viz. [ML ] 0 , 
[MnLn +I ] 0 , [ML, 2H20] 0 and [ML, 4H20]n depending on the nature of the 
metal ions and the ligands used. The polymeric complexes were all amorphous 
in nature and are thermally very stable. 
( 4) KINETICS AND MECHANISM OF INORGANIC REACTIONS 
Systematic work in the field of mechanism of reactions of transition 
metal complexes was started in 1957. Earlier work on the kinetics and mecha-
nism of ligand substitution reactions of some palladium (II) complexes definitely 
established the striking contrast of these complexes to those of platinum (Il) and 
that the pi-bonding 'trans-effect' found in Pt (II) complexes is of no significance 
in Pd (II) complexes. The kinetic studies on the ligand substitution of chromium 
(III), cobalt (III) and rhodium (III) complexes showed that in spite of some 
palpable similarity between the complexes of the first two ions, their analogous 
reactions proceed by different mechanisms involving different degrees of bond-
making and bond-breaking in the transition state. In case ofRh (III), conclusive 
evidence has been put forward of more significant bond-making (more nearly 
SN2 character). The controversial aspect of the mechanism of base hydrolysis of 
certain systems has been critically studied and it has been shown that while 
[Co(NH3)s(NCS)J+2 reacts by SN2 IP mechanism, the corresponding Cr (III) 
complex reacts by SNl IP mechanism and in the case of [Cr(NH3)s(N3)]+2 , the 
mechanism is more correctly SNI CB. Again, in contrast to the behaviour of 
[Co(NH3)s(NCS)J+2, the complex [Co(NH3)s(S20 3)]+1 undergoes hydrolysis by 
SN2 mechanism. Mechanistic studies on the formation of Cr (III) complexes with 
multidentate ligands (such as EDT A) from a variety of Cr (III) complexes have 
led to tl1e elucidation of the process of multidentate chelation. Further, it has 
been observed that tris-biguanide Cr (III) ion and tris-ethylenediamine Cr (III) 
ion have their reaction mechanism of acid hydrolysis entirely different from 
their reactions with EDTA in alkaline media; but tris-biguanide Cr (III) ion 
and tris-acetyl-acetonate Cr (III) ion closely resemble each other in this respect 
and react by similar mechanism. Similar studies on reactions of RhCl6 - 3 with 
EDTA in acid media have also been carried out. From a series of investigations 
on the dissociation ofCr (III), Co (Ill), Rh (III), Pd (II), Pt (II) complexes of 
chclating agents such as biguanides, oxalate, malonate, acetylacetone etc. in 
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acid media much valuable information has been obtained on the mechanism of 
the acid catalysis of the dissociation reactions. Studies on the kinetics and 
mechanism of electron transfer reactions of the following types have also been 
carried out. 
(a) Intra-molecular ligand to metal electron transfer, 
(b) Reduction of a metal complex in solution by reducing agents, 
(c) Electroreduction of metal complexes at the dropping mercury elec-
trode. 
Apart from their immense mechanistic significance, many such kinetic 
studies have led to the realization of optimum conditions for synthesis of interest-
ing complexes hitherto unknown, as also establishment of more convenient 
routes for the synthesis of known complexes. 
Thermal studies of a series of hydrates and deuterates of isomorphous 
double sulfates, selenates and fluoberyllates of mono- and bivalent metals have 
been made and the rate of dehydration, activation energy and the order of 
reaction were calculated for every step of the process. Similar studies of the 
adducts of bivalent metal halides with dioxane, tctrahydropyran, tetrahydro-
furan, ethyleneglycol dimethylethcr and di-isopropylethcr have also been made. 
The kinetics and mechanism of thermal decarboxylation of alkaline-earth metal, 
salts of mono- and dicarboxylic organic acids have also been studied. 
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5.6 SYNTHETIC ORGANIC CHEMISTRY 
INTRODUCTION 
THE early development in synthetic organic chemistry1 was confined mostly to 
aromatic compounds and heteroaromatic compounds related to natural dyes; 
the classic examples are alizarin (1869) and indigo (1876) . Next phase witnessed 
a massive advancement centered round the synthetic drugs, synthetic dyes and 
fibres. The investigation in alicyclic chemistry, which was confined mostly to 
the mono- and some relatively simple sesquiterpenes in the earlier period, led to 
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the partial synthesis required for structural elucidations. The rapid growth of 
steroid chemistry since the early thirties of this century made such an impact 
that a new and a comprehensive alicyclic chemistry sprang out. In connection 
with the structural elucidations of steroids and higher terpenoids, synthetic 
methods for polynuclear aromatic hydrocarbons were developed during this 
period. In this context, the notable contribution2 by an Indian group in the 
establishment of a new general synthetic method for substituted phenanthrene 
may be recorded. Progress beyond synthesis of the dehydrogenation products, 
however, required methods for the synthesis of reduced polynuclear compow1ds 
with their multiple chiral centres. Since such methods were not available, 
Robinson (1933) commenced a series of extensive synthetic studies in steroids 
and established many novel and new approaches to reduced polycyclic com-
pounds. Also the experimental results in the degradative and partial synthetic 
works in steroid field progressed well beyond the then existing theories. Conse-
quently, new theories of conformational analysis emerged out of the works of 
Hassel (1947), Pitzer (1947) and subsequently rationalised and extended by 
Barton (1950). Based on the concepts of stereochemistry and the rapidly deve-
loping theoretical and mechanistic organic chemistry, the Harvard group led by 
Woodward introduced a new art of "stereocontrolled" synthesis in realising the 
laboratory synthesis of cholesteroJ3, with its multiple chiral centres. Since then 
the progress has been so rapid that the ensuing two decades have seen laboratory 
total syntheses of complex natural products such as strychnine, reserpine, chloro-
phyll, vitamin B12, and even the enzymes and genes. With the advent of powerful 
physical methods such as ultraviolet and infrared spectroscopy in the early fifties, 
and nuclear magnetic resonance spectroscopy, mass spectrometry, ORD, CD 
and X-ray structural techniques in subsequent years, coupled with the develop-
ment of unique chromatographic methods, there has been a rapid growth in our 
knowledge of the complete stereostructures of naturally occurring compounds. 
In fact, elucidation of the structure of a natural product or its synthesis has be-
come no longer an end in itself but a cognitive means. 
DEVELOPMENT OF SYNTHETIC ORGANIC CHJ!:MISTRY IN THE AssociATION 
It is under such background that researches in synthetic organic chemistry 
have been developing in the Association in the last quarter of a century and the 
major outcome of these may be reviewed under the following broad classifica-
tions. 
1. PoLYNUCLEAR AROMATIC CoMPOUNDS 
The early phase in the development of synthetic organic chemistry in the 
Association was mainly confined to the field of polycyclic aromatic compounds. 
Studies on Friedel-Crafts reaction with unsaturated compounds established two 
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interesting facts: the meta-orientation4 •5 in toluene nucleus in some open chain 
unsaturated substrates using aluminium chloride and high mobility of the double 
bond4 -6 in the unsaturated compounds before attachment to the aromatic 
moiety. The ready access to y-arylpentanoic acids and y-arylketones formed the 
basis for a convenient synthesis of a variety of polycyclic aromatic systems such 
as polyalkyl substituted naphthalene4, phcnanthrene 6, 3, 4-benzphenanthrene 7 
and terphenyl8 . These methods were subsequently extended to the syntheses of 
other polynuclear aroma tic systcms9• Further deYclopments in this field were a 
simple synthesis of the carcinogenic hydrocarbon, pyrene10, syntheses of subs-
tituted naphthols11 , and I, 6-dimethyl-3-methoxy-4-isopropyl-naphthalene12, an 
important degradation product of some sesquiterpenes. 
2. SYNTHETIC STuDIES IN ALICYCLic CoMPOUNDS TowARD STEROIDS AND 
RELATED NATURAL PRODUCTS 
In a few preliminary approaches towards the synthesis of steroids and 
related alicyclic natural products a number of key cyclopentanonc derivatives13 •14 
were prepared. Further continuation on these studies have resulted in the 
syntheses of a few bicyclic and tricyclic intermediates, for examples, (1)15 , (2)16, 
(3)16 and ( 4)15 . In a related study it was established that the course of Dieckmann 
cyclisation of open chain polycarboxylic esters can be controlled under appro-
priate reaction conditions leading to important monocyclic intermediate e.g. 
(5)1'. 
Suitably substituted hydrofluorene deri\"atives18 (6) and (7), and a few 
C-nor-D-homo-steroid models19 (8) and (9) related to the J erveratrum group of 
steroidal alkaloids have been synthesised. 
3. STEREOCONTROLLED SYNTHESES oF MoNo- , SESQ.UI- , Dr- , SESTER- AND 
TRITERPENOIDS 
Both from the structural and the synthetic points terpenoids occupy a central 
position in the development of modern organic chemistry, like steroids till nine-
teen fifties. Terpenoids, particularly the more recently characterised ones, are 
complex molecules and provide considerable challenge to synthetic organic 
chemists. Types of even the simple carbon skeleta present in many of the sesqui-, 
di-, and recently isolated sesterterpcnes, had Yery little synthetic precedent up 
to the mid-sixties. It therefore, demanded as an essential prerequisite, devising 
of newer methodologies for their construction with proper stereochemical con-
trol. With better understanding of reaction mechanism, conformational analysis 
of reduced cyclic systems and the development of modern instrumental analyses, 
these synthetic problems have received considerable attention during the past 
decade. In more recent years, many of the terpenoids have been recognised to 
possess pronounced biological activities. Accordingly, much effort is now being 
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oriented in these directions for possible uses of the variou~ simple synthetic ana-
logues and mimics of those compounds. 
Since the inception of the Organic Chemistry Department in the Associa-
tion, synthetic studies were initiated in the field of terpenoids. 
(i) Monoterpenoids: In the early phase of the synthetic works in the Associa-
tion on terpenoids comprehensive series of studies20 on the important mono-
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terpene, camphor were Wldertaken. These resulted in the simple Wlambiguous 
total syntheses of racemicr camphononic acid (10), homocamphoric acid (11) 
and homoapocamphoric acid (12), a few key synthetic intermediates and degra-
dation products of camphor. 
~Me QM;H Me Me Me Me 
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(ii ) Sesquiterpenoids: The chemistry of sesquiterpenes has mushroomed 
during the last decade as a result of characterization of about one thousand 
individual members of this family representing more than htu1dred skeletal types. 
The conspicuous addition to this group is the juvenile hormones and a few allied 
substances which in fact control the bio-regulation of life processes in lower 
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forms of life. Under the enveloping mantle of fifteen carbon atoms, this class of 
natural products features three to eleven member carbocyclic rings comprising 
mono-, hi-, tri-, and tetracyclic systems. Progress in stereocontrolled synthetic 
approaches to the rapidly growing family of sesquiterpenoids had by no means 
kept pace with the structural elucidations up to the mid sixties. 
At the start of the synthetic studies on sesquiterpenes, in the Association, 
preparation of a mixture of double bond isomers of a hydrocarbon comparable 
with the gross suggested structure of zingiberene was reported21 . Since the early 
fifties stereocontrolled synthetic studies are being pursued on several complex 
sesquiterpenoids and related model compounds. One of the earliest achievements 
was the stereocontrolled total synthesis of two diastereoisomers of dihydrosanto-
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nin (13) 22 ·23, the synthetic precursor towards diastereoisomers of the complex 
sesquiterpene lactone, santonin, an important anthelmintic agent. In the ensuing 
years special emphasis has been laid on the synthesis of sesquiterpenoids contain-
ing cycloheptane ring systems and the study on the stereochemical aspects of 
these conformationally mobile systems. Notable success in these investigations 
represents in the synthesis of a diasteroisomer of cyclocolorenone (14) 26 • Syntheses 
of a few important octahydroazulene derivatives (15) 25 , (16) 26 and (17)27 
have also been reported. A degradation product (18) 28 and model com-
pounds29 of xanthatin, and a few lactones30 related to psilostachyns have been 
synthesised. 
In the bridged-ring sesquiterpenoids, total synthesis31 of racemic clovane 
(19) and the related compounds represents some significant contributions in this 
area. Synthetic intermediates towards isoclovene32 •33 and pseudoclovene-B34, 
two important artifacts arising from caryophyllene have been reported. 
During late sixties synthetic studies on the newly discovered sesquiterpe-
noids were undertaken. In this direction syntheses of racemic sesquicaran-2-one 
(20) 35 and a key intermediate ketone (21)36 towards bakkenolide-A and fukinone 
may be mentioned. Finally, stereocontrolled syntheses37 of two epimeric gem-
carboxyl-methyl functionalised hydropentalene intermediates (22) and (23) 
towards total synthesis of the complex sesquiterpenoid antibiotic, hirsutic acid 
Me 
Me 
Mo 
Me 
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-
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may be mentioned. Experiments towards coupling of allyl halides for the 
synthesis of medium rings sesquiterpenoids have been reported38• 
(iii) Diterpenoids: The known diterpenoids having a complement of twenty 
carbon atoms in their molecular framework were earlier confined to resin acids. 
A large number of diterpenoids have been and are being characterized having 
broad range of biological activities including cytotoxic agents, antibiotics, plant 
hormones, insecticides, cattle poisons and cardiac active compounds, and with 
wide variations in their structural patterns. The principal skeleton types of the 
diterpenoids can be classified into more than twenty groups; among these there 
are compounds with unusual stereochemical complexities, and highly rearranged 
skeleton patterns, thereby rendering these problems more difficult. Even in the 
case of simple skeleton types with multiple chiral centres, there had been very 
few synthetic precedents and hence these required comprehensive investigations. 
(a) RING C-AROMATIC DITERPENE RESIN Acms 
Since the inception of the Department of Organic Chemistry, the greatest 
emphasis has been given to this area and particularly towards the stereocon-
trolled synthesis of the diterpene resin acids and these may be compared to inten-
sive activities at later dates in this line in several outstanding research centres in 
U.S.A. and U.K. As a prelude to the long involvement in these synthetic investi-
gations, a synthesis of a tribasic acid (24) structurally identical with the C12-acid, 
an important oxidation product of abietic acid, was successfully completed39• 
Also some interesting observations were recorded regarding the stereochemistry 
of resin acids during these early studies. However, the first phase of the investiga-
tion directed at the stereocontrolled total syntheses of diterpene resin acids stems 
from the development of suitable methods for generating gem-carboxyl methyl 
functionality from the carbonyl group with such stereochemical control that a 
tricyclic ketone, such as (25), would lead to two diastereoisomeric acids at C-4 
with respect to the C-1 0 angular methyl group, having stereochemistry related to 
dehydroabietic acid (26) and podocarpic acid (27). In this direction, two me-
thods were successfully worked out with cyclohexanone but one of these followed 
a completely unexpected course41 when applied to the bicyclic ketone (28) 
synthesised in this laboratory, whereas the other method led to the first stereo-
controlled total synthesis of (±) 5-epi-desisopropyldehydroabietic acid (29)42 
and a related bicyclic acid41, 
In the next phase of these studies, stereochemical course in acid-catalysed 
cyclialkylation of appropriately substituted phenylethyl cyclohexane and related 
substrates was investigated, which ultimately led43.44 to the syntheses of racemic 
desoxypodocarpic acid ( 30) and 5-epi-desoxypodocarpic acid ( 31 ). Total synthesis 
of ( ±)-podocarpic acid (27) was completed at this stage44 . Further, a stereo-
specific synthetic route towards podocarpic acid system was developed through 
alkylation process44 • A large number of model studies were completed45 relating 
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to these. The synthesis of the remaining diasteroisomer, desisopropyldehydro-
abietic acid (32), was finally achieved44 through an unambiguous stereoselective 
route. Thus, all the four possible racemates represented by the structures (29-32) 
were synthesised with established stereochemistry. These investigations unravel-
Me 
26, 
-
t • 
R =.!- Pr ; 
1 '3 
R = R'= H 32 
-· 
u I R1 = H ; R2= OH 
30, R1 =- R2 = H ,.,.. 
1 • z.... ~ , R :. ! - Pr ; R - H 
R2 
Me 
29 R
1
=R2=H __ , 
~~ Ri=-l- Prj R2.- H ~, R
1
• R2= H 
~· R1: !- Pr-; Rl..: H 
190 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
led the stereochemical nncertainties present in some of the racemates of the 
tricyclic acid known in the literature up to that time, besides providing a better 
understanding of stereoselectivities of a few reactions of general utility. 
Extension of the methodologies developed in course of these comprehensive 
studies led to the stereocontrolled syntheses46 of three diastereoisomers of dehy-
droabietic acid (33), (34) and (35) . Incidentally, the optically active form of 
4-epi-dehydroabietic acid (33), designated as callitrisic acid, was later isolated 
from the natural sources and the identity with the synthetic racemic sample was 
proved by spectral comparisons. 
In a further series of studies a novel A-B-C ring route was developed47 for 
stereocontrolled syntheses of the C-5 epimeric pair of desisopropyldehydroabietic 
acid (32) and (29). A noteworthy discovery in the diterpene field was made47 •48 
in the conversion of the cis A/B-ring junction to trans series of ring c-aromati'c 
tricarbocyclic resin acid derivatives through mild dehydrogenation condition 
with palladium on charcoal. Later on another new steremelective method for 
synthesis of the racemates of desisopropyl-5-epidehydroabietic acid (29) and 
desoxypodocarpic acid (30) has been developed49 through the application of a 
novel extension of J\.1ichael reaction discovered in this la boratory50. 
Investigations in the basic ring systems of resin acids were further pursued 
leading to simple stereospecific and stereoselectivc total syntheses of all the four 
possible raccmates of ring-c-aromatic-20-nor diterpcne resin acids51 and their 
13-methoxy analogues5•2 • Some chemical and conforma tional properties of these 
diastereoisomeric compounds have been studied in detail51 . Important mechanis-
tic information concerning the effects of a neighbouring carboxyl group in the 
chemical and catalytic reduction of a styrenoid bond recorded in these studies 
have been gainfully employed53 in the stereocontrolled generation of several 
asymmetric centres in a single step. 
(b) Br- AND TRICYCLIC DITERPENES 
Several diastereoisomeric intermediates towards the total synthesis of mar-
rubin and other bicyclic diterpcnes have been rea liscd48 •54 •55 • A unique case 
of stereoelectronic control in a cyclisation reaction in the course of a projected 
total synthesis of marrubin was observed56• Instead of a decalone system the 
reaction led to a spiro-ketolactone (36). In ring c-aroma tic tricarbocyclic diter-
pcne series, two biogenetically significant members , nimbiol and sempervirol 
were synthesised stereospecifically as the corresponding racemic methyl ether 
(37)57 and acetate (38)58 respectively. 
(c) TETRA- AND PENTACYCLIC DITERPENES 
The tricarbocyclic compounds (39)59 and ( 40)60 related to cafestol having 
the desired stereochemistry, have been synthesised. Bridgedbicyclo (3.2.1) octane 
ring system of tetracyclic diterpenoids, incorporated in a trans-decalin moiety 
was synthesised through a stereospecific route61 • In a further course of studies 
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successful stereocontrolled syntheses of intermediates and IJridged ring com-
pounds (41)62 , (42)6\ (43)63 and (44)6 '1 related to phyllocladene, kaurene and 
hibane have been realised. 
Important methodologies devcloped64 •65 in the above mentioned investiga-
tions include two new annclation reactions involving intramolecular acid-
catalysed cyclisation and copper-catalysed carbene addition reaction in y, o-
unsaturated a-diazomethyl ketones in monocyclic or polycyclic ring compounds. 
It was further discovered65 that carbenoid decomposition of the unsaturated 
diazornethyl ketones using an "activated copper (II) oxide catalyst" under 
photochemical reaction conditions results in a significant increase in the yields 
of the corresponding intramolecular keto-carbenoid addition products. 
A few unusual types of reactions encountered during the model studies 
towards pentacyclic diterpenoids have been rationalised66 . . 
The synthesis of a bicyclic intermediate ( 45) relating to the total synthesis of 
diterpenoid fungal metabolite rosenanolactone was reported67 • 
(d) MoDIFIED TETRA CYCLic DITERPENOIDS: PLANT GRoWTH REGULATING 
HoRMONES, GIBBERELLINS AND RELATED CoMPOUNDS 
The remarkably active phytohormones, gibberellins, discovered in 1938 
and the structures established in the early sixties, pose a challenging synthetic 
problem from structural as well as stereochemical points. A few stereocontrolled 
routes have been established towards gibberellins and related compounds in 
this laboratory during the last decade. These can be broadly classified into two 
groups: (i) stereocontrolled synthesis of condensed cyclic "synthons", e.g. the 
hexahydrofluorene derivatives ( 46)68 , ( 47)69, ( 48)69 and its three other diastereo-
isomers, and (ii) bridged ring "synthons" such as (49)63, (50)63, (51)65, (52)65, 
(53)65, and a large number of related compounds65 • The effect ofsubstituents in 
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controlling the stereospecificity in catalytic hydrogenation of a large number of 
the synthetic t::, 9• 11-gibbene derivatives has been established65 • In a joint project 
with a group at Glasgow University, PMR and IR spectroscopic methods for 
assignment of C-9 stereochemistry in gibbanes have been advanced70• 
Two novel synthetic methods for introducing the bridged bicyclo (3.2.1)-
octanone system fused in a hydrofluorene or other hydroaromatic systems have 
been developed during these studies63-65• 
Another remarkable recent discovery relating to these investigations is the 
introduction of a new method of stereospecific angular alkylation through a 
high yield rearrangement71 of the easily accessible72 cyclobutanones (54) and 
(55) to the corresponding cyclopentanones (56) and (57). Subsequent transfor-
mations of these led to the key intermediate tricyclic trans-hydrofluorene deriva-
tives (58) towards the total synthesis of some C20-gibberellins. These investiga-
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tions are expected to afford closely related structural analogues of gibberellins 
and their stereoisomers for evaluation of the structure-activity relationship of 
these important phytohormones. 
(iv) Sesterterpenes: Synthetic studies have been initiated into the emerging 
field of sesterterpenes, the C25-members of the polyisoprenoids. Results so far 
obtained on cheilanthatriol, having a perhydrophenanthrene system, have been 
published 73 with the completion of the synthesis of (59). Another notable achieve-
ment in this regard is the realisation74 of a synthetic intermediate (60) comprising 
a linear array of five-eight-five ring system related to the ophiobolin group of 
ses terterpenes. 
59 60 
-- --(v) Triterpenoids: In the synthetic studies toward pentacyclic triterpenoids 
initiated in the mid-fifties, stereocontrolled syntheses of a few bicyclic inter-
mediates (61)75, (62)75 , (63)76 and (64)77 have been reported. An important 
tricyclic intermediate (65) has been synthesised78 with appropriate stereochemi-
cal control at all the six chiral centres. 
4. HETEROCYCLIC COMPOUNDS AND ALKALOIDS 
(i) Heterocyclic Compounds: During the early phase, a new synthetic route to 
isoquinoline derivatives79 and syntheses of some quinoline derivatives were deve-
loped80. In connection with a model study related to the synthesis of reserpine 
alkaloids, carboxylation in heterocyclic systems was investigated81 . The ultra-
violet spectral studies82 •83 on a series of oxygen heterocyclics, chromones and 
coumarins provided a simple reliable method for their structural differentiation. 
(ii) Sesqui- and Diterpene Alkaloids: The border line between terpene and 
alkaloid biogenesis shows an interesting overlap in these terpene alkaloids. In 
contrast to the formal alkaloid biosynthesis, the formation of the heterocyclic 
ring in these compounds represents a relatively late stage process in biosynthetic 
mechanism. 
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Synthetic investigation in this field has been recently initiated in this 
laboratory and a few important intermediates have been synthcsised84 towards 
illudinine. 
(b) TRICYCLIC DITERPENE ALKALOIDS 
The Erythrophleum alkaloids such as cassaine and cassamic acid are well 
known for their digitalis like activity. Syntheses85 of two potential intermediates, 
toward these alkaloids, racemic 14-methyldesoxypodocarpic acid and 0-
methyl-14-mcthyl podocarpic acid have been reported from this laboratory. 
(c) PENTA- AND HIGHER CYCLIC DnERPENE ALKALOIDs 
The complex pentacyclic diterpene alkaloids can be classified into two dis-
tinct categories. The first group comprises of some comparatively simple and less 
toxic alkamines possessing a C20-skeleton, e.g. veatchine and atisine. Alkaloids of 
the second category, referred to as the 'aconitines' include a series of toxic ester 
bases incorporating highly rearranged C19-norditerpene skeletons. 
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Synthetic studies in this field are being continued during the last few years 
in this laboratory and have culminated in the synthesir. of the tetracyclic bases 
( 66)86, established synthetic intermediates toward garrya and atisine alkaloids 
through a novel stereospecific route. The key dicarboxylic acids (67) and (68) 
have been synthesised by a few new stereocontrolled routes involving regiospecific 
intramolecular ketocarbenoid C-H bond insertion86 •87 , intramolecular Michael 
addition in benzhydrindanone systems88 and a novel method of cyclobutanone 
rearrangement71 • In these contexts a large number of model studies have been 
made89-91, including the acid catalysed cleavage92 of suitably substituted phenyl-
bicyclo (3.1.0) hexan-2-one systems and conjugate addition of hydrogen 
cyanide93 to substituted hydrophenanthrene systems. 
(d) DITERPENE ALKALOIDS WITH UNUSUAL RING SYSTEMS 
Syntheses of several intermediates (69) and (70) towards a major degrada-
tion product of highly complex plant insecticidal diterpenoid alkaloid,ryanodine, 
have been reported94 from this laboratory. 
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5. BRIDGED-RING SYSTEMS 
Terpenoids, alkaloids and many other complex natural products contain 
bridged-ring carbocyclic and heterocyclic systems. In addition, bridged-ring 
compounds provide important intermediates towards stereospecific introduction 
of functional group in cyclic systems as well as rigid models for conformational 
analysis, reaction mechanism, bondstrain, bond-angle distortion, proximity 
effects and spectral studies. A few successful methods for the synthesis of bridged 
bicyclo (3.2.1) octanone systems in connection with the syntheses of terpenoids 
and alkaloids have already been indicated under the respective heads. A few 
other interesting systems have been synthesised in this laboratory for spectro-
scopic, chemical and biological studies. 
Proximity effects in ester hydrolysis95 have been studied with the diastereo-
meric pair {71) and (72) synthesised96 •97 in this laboratory. The mass spectral 
fragmentation patterns of these compounds98 along with two diastereoisomers 
of des-N-morphinan derivatives99 (73) and (74) showed pronounced differences 
depending upon the stereochemistry. The stereochemistry of these compounds 
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have been substantiated with 13C NMR studies99 and PMR shift reagent 
studies100 in collaborative projects with several groups. 
During these studies an interesting racemic hydrocarbon (73) has been 
synthesised. This hydrocarbon shows a strong pheromone activity towards 
Rhinoceros beetle, a pest of coconut palm, in olfactometer tests being carried out in 
collaboration with Dr. R. K. VanderMeer, The University of the South Pacific, 
Suva, Fiji. Field studies on this hydrocarbon have been undertaken by the UN-
SPC Rhinoceros Beetle Project, stationed at Apia, Western Samoa. 
6. MisCELLANEOUS 
During his visiting studies abroad Dutta collaborated in the structural 
studies on Cascarillin101 and Magnamycin102 at Oxford University and Harvard 
University respectively. In the peptid~ field some works on synthesis of poly-
peptidestos and racemization problemsl04 in peptide synthesis were done by 
Ghatak in collaboration with a group at St. John's University, New York, during 
his study leave from the Association. 
CoNCLUSION 
In conclusion, it should be mentioned that the measure of successful 
synthesis is not simply related to the immediate goal, because the development 
of synthetic routes to complex molecules serves as a means to the development 
of the prevailing knowledge in stereochemistry and synthetic methods of 
generality. In addition, the evaluation of the structure-activity relationship of 
the various biologically active molecules is only possible when large number of 
related structural and stereochemical variants are available through synthesis 
only. The achievements in synthetic Organic Chemistry during the last two 
decades and a half in the Association reviewed here, amply justify these general 
considerations. 
References 
l. For critical authoritative accounts on the development of "Synthesis" see: (a) R. B. 
Woodward in "Perspective in Organic Chemistry", ed. A. Todd, Interscience, New York, 
1956, p 156, (b) E. J. Corey, Pure Appl. Chern., 14, 19 (1967). 
2. J. C. Bardhan and S. C. Sengupta, J. Chern. Soc., 2520, 2798 (1932). 
3. R. B. Woodward et al., J. Am. Chern. Soc., 74, 4223 (1952). 
4. S. M. Mukherji, 0. P. Vig, S. Singh and N. K. Bhattacharyya, J. Org. Chern., 18, 1499 
(1953). 
5. N. K. Bhattacharyya, J. Indian Chern. Soc., 32, 711 (1955). 
6. N. K. Bhattacharyya and S. M. Mukherji, J. Org. Chern., 17, 1202 (1954). 
7. S. M. Mukherji, V. S, Gaind and P. N. Rao, ibid, 19, 328 (1954). 
8. B. K. Ganguly and S. M. Mukherji, Nature, 168, 1003 (1951). 
9. Summarized in the Presidential Address (Section of Chemistry) by S. M. Mukherji, 
53rd Indian Science Congress, Chandigarh (India), 1966, pp 1-13. 
10. N. N. Saha and P. Bagchi, J. Org. Chern., 20, 1392 (1955). 
11. D. K. Datta and P. Bagchi, ibid, 25, 932 ( 1960). 
12. P. B. Ta1ukdar, ibid, 21, 506 (1956). 
RESEARCH CONTRIBUTIONS 
13. P. C. Dutta, J. Indian Chern. Soc., 31, 875 (1954). 
14. P. C. Dutta, P. K. Dutta and K. N. S. Sastry, ibid, 31, 881 (1954). 
15. S. C. Ray and U. R. Ghatak, ibid, 36, 137 (1959). 
16. K. Sen and U. R. Ghatak, J. Org. Chern., 24, 1866 (1959). 
17. K. Sen and P. Bagchi, ibid, 23, 1125 (1958). 
18. D. Mukherjee, Indian J. Chem., 9, 628 (1971). 
19. D. Mukherjee, ibid, 9, 635 (1971). 
20. P. B. Talukdar and P. Bagchi, J. Org. Chem., 20, 13, 18, 21 and 25 (1955). 
21. S.M. Mukherji and N. K. Bhattacharyya, J. Am. Chern. Soc., 75, 4698 (1953). 
2-2. J. K. Chakrabarti, P. Dutt and P. C. Dutta, J. Chern. Soc., 4978 (1956). 
23. J. R. Mahajan, P. Dutt and P. C. Dutta, ibid, 5069 (1957). 
24. S. A. Narang and P. C. Dutta, ibid, 1119 (1964). 
25. 0. S. Bhanot and P. C. Dutta, J. Chern. Soc., (C), 2589 (1968). 
26. 0. S. Bhanot, Indian J. Chem., 4, 249 (1966). 
27. 0. S. Bhanot, ibid, 5, 127 (1967). 
28. 0. S. Bhanot, J. R. Mahajan and P. C. Dutta, J. Chern. Soc., (C), 1128 (1968). 
29. 0. S. Bhanot and P. C. Dutta, ibid, 2583 (1968). 
30. 0. S. Bhanot and P. C. Dutta, Chem. Commun, 122 (1968). 
31. A. K. Kundu, N. G. Kundu and P. C. Dutta .J. Chem. Soc., 2749 (1965). 
32. K. K. Mahalanobis, Indian J. Chem., 5, 124 (1967). 
199 
33. P. Goswami, R. V. Venkateswaran and P. C. Dutta, INSA-CU Symposium on Chemistry, 
Biochemistryfand Biogenesis of Natural Products, Calcutta, August 2-6, 1975, Abs. A-7. 
34. S. Chatterjee, D. Mukherjee and P. C. Dutta, ibid, Abs. A-6., cf. S. Chatterjee, C. Misra, 
D. Mukherjee and P. C. Dutta, Indian J. Chern., 13, 405 (1975). 
35. A. S. Sarma and (Mrs) S. Banerjee, ibid, 8, 665 (1970). 
36. S. Sarma and B. Sarkar (nee Sinha), ibid, 10, 950 (1972). 
37. T. K. Sarkar, J. Chern. Soc. Perkin Trans., 1, 2454 (1973). 
38. I. Gupta, H. S. Suri and P. C. Dutta, Indian J. Chern., 9, ll95 (1971). 
39. P. N. Rao and P. Bagchi, Science & Culture, 267 (1953); J. Org. Chern., 23, 169 (1958). 
40. N. N. Saha, P. Bagchi, and P. C. Dutta, J. Am. Chern. Soc., 77, 3408 (1955). 
41. U. R. Ghatak, N. N. Saha and P. C. Dutta, ibid, 79, 4487 (1957). 
42. N. N. Saha, B. K. Ganguly and P. C. Dutta, ibid, 81, 3670 (1959). 
43. U. R. Ghatak, Tetrahedron Lett., No. I, 19 (1959). 
44. U. R. Ghatak, D. K. Dutta and S. C. Ray, J. Am. Chern. Soc., 82, 1728 (1960). 
45. N. K. Basu, U. R. Ghatak, G. Sengupta, and P. C. Dutta, Tetrahedron, 21, 2641 
(1965). 
46. M. Sharma, U. R. Ghatak and P. C. Dutta, ibid, 19, 985 (1963). 
47. C. T. Mathew, G. C. Banerjee and P. C. Dutta, J. Org. Chern., 30, 2754 (1965). 
48. C. T. Mathew, G. Sengupta and P. C. Dutta, Proc. Chern. Soc., (London), 336 (1964). 
49. S. K. Dasgupta and P. C. Antony, Tetrahedron Lett., 2983 (1968). 
50. S. K. Dasgupta and P. C. Antony, Chern. Commun., 485 (1966). 
51. U. R. Ghatak, N. R. Chatterjee, A. K. Banerjee, J. Chakravarty, and R. E. Moore, 
J. Org. Chern., 34, 3739 (1969). 
52. U. R. Ghatak and N. R. Chatterjee, Indian J. Chern., 9, 804 (1971). 
53. U. R. Ghatak, J. Chakravarty, A. K. Banerjee and N. R. Chatterjee, Chern. Commun., 2 I 7 
(1967). 
54. S. L. Mukherjee, J. Indian Chern. Soc., 39, 347 (1962). 
55. S. K. Mukhopadhyay and P. C. Dutta, J. Chern. Soc. (C), 1876 (1967). 
56. S. L. Mukherjee and P. C. Dutta, J. Chern. Soc., 3554 (1964). 
57. P. K. Ramachandran and P. C. Dutta, ibid, 4766 (1960). 
58. U. R. Ghatak and N. R. Chatterjee, Tetrahedron Lett., 4783 (1967). 
59. S. K. Mukherjee, Indian J. Chern., 6, 611 (1968). 
60. D. Mukherjee and A. Dasgupta, ibid, 8, 1046 (1970). 
61. N. G. Kundu and P. C. Dutta, J. Chern. Soc., 538 (1962). 
62. D. Mukherjee, S. K. Mukhopadhyay, K. K. Mahalanabis, and P. C. Dutta, J. Chern. 
Soc. Perkin Trans., 1, 2083 (1973). 
63. P. N. Chakrabortty, R. Dasgupta, S. K. Dasgupta, S. R. Ghosh and U. R. Ghatak, 
Tetrahedron, 28, 4653 (1972). 
64. U. R. Ghatak, S. Chakrabarty and K. Rudra (nee Dasgupta), J. Chern. Soc. Perkin Trans., 
I, 1957 (1974). 
65. U. R. Ghatak, P. C. Chakraborti, B. C. Ranu and B. Sanyal (nee Maitra), J. Chern. Soc. 
Chern. Commun., 548 (1973). 
66. A Das Gupta, Indian J. Chern., 9, 85 (1971). 
67. U. R. Ghatak, A. K. Banerjee and N. R. Chatterjee, ibid, 5, 457 (1967). 
200 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
68. U. R. Ghatak, J. Chakravarty and A. K. Banerjee, Tetrahedron Lett., 3145 (1965); Tetra-
hedron, 24, 1577 (1968). 
69. U. R. Ghatak, R. Dasgupta, and J. Chakravarty, ibid, 30, 187 (1974). 
70. A.J. Baker, A. C. Goudie, U. R. Ghatak and R. Dasgupta, Tetrahedron Lett., 1103 (1972). 
71. U. R. Ghatak, B. Sanyal (nee Maitra), S. Ghosh, J. Am. Chern. Soc., 98, 3721 (1976). 
72. U. R. Ghatak and B. Sanyal (nee Maitra), J. Chern. Soc. Chern. Commun., 876 (1974). 
73. R. V. Venkateswaran, D. Mukherjee and P. C. Dutta, Indian J. Chern., 10, 768 (1972). 
74. T. K. Das and P. C. Dutta, INSA-CU Symposium on Chemistry, Biochemistry and Biogenesis 
of Natural Products, Calcutta, August 2-6, 1975, Abs. A-14. 
75. S. L. Mukherjee and P. C. Dutta, J. Chern. Soc., 67 (1960). 
76. S. A : Narang and P. C. Dutta, ibid, 2842 (1960). 
77. A. K. Dasgupta and S. A. Narang, J. Sci. & Industrial &s. (New Delhi), 21B,219 (1962). 
78. S. L. Mukherjee, D. Mukherjee, M. Sharma, N. K. Basu and P. C. Dutta, J. Chern. Soc. 
Perkin Trans., 1, 1325 (1972). 
79. N. N. Saha, P. K. Dutta and S. M. Mukherji, Science & Culture, 18, 152 (1952). 
80. K. N. S. Sastry and P. Bagchi, ibid, 18, 543 (1953). 
81. A. K. Dasgupta and J . K. Chakrabarti, J. Sci. & Industrial Res. (New Delhi), 20B, 394 
(1961). 
82. B. K. Ganguly and P. Bagchi, J. Org. Chern., 21, 1415 (1956). 
83. K. Sen and P. Bagchi, ibid, 24, 316 (1959). 
84.~ C. R. Misra and R. V. Venkateswaran, INSA-CU Symposium on Chemistry, Biochemistry and 
Biogenesis of Natural Products, Calcutta, August 2-6, 1975, Abs. B-4. 
85. U. R. Ghatak and N. R. Chatterjee, J. Chern. Soc. (C), 190 (1971). 
86. U. R. Ghatak and S. Chakrabarty, J. Am. Chern. Soc., 94, 4756 (1972); J. Org. Chern., 
41, 1089 (1976). 
87. S. Chakrabarty, J. K . Ray, D. Mukherjee and U. R. Ghatak, Synthetic Commun., 5, 275 
(1975). 
88. A. S. Sarma, A. K. Banerjee and P. C. Dutta, J. Chern. Soc. Perkin Trans., 1, 722 (1976). 
89. S. K. Dasgupta, S. R. Ghosh and A. S. Sarma, Tetrahedron Lett., 2331 (1969). 
90. A. S. Sarma, Indian J. Chern., 9, 93 (1971); 11, 131 (1973). 
91. P. N. Chakrabortty, ibid, 9, 87 (1971). 
92. S. K. Dasgupta and A. S. Sarma, Tetrahedron, 29, 309 (1973). 
93. P. N. Chakrabortty, A. K. Banerjee, S. K. Ghosh, P. R. Dutta, A. S. Sarma and P. C. 
Dutta, Indian J. Chern., 12, 948 (1974). 
94. J. Chakravarty and U. R. Ghatak, ibid, 1, 218 (1969). 
95. U. R. Ghatak and J. Chakravarty, Chern. Commun., 184 (1966). 
96. U. R. Ghatak and J. Chakravarty, Tetrahedron Lett., 2449 (1966). 
97. U. R. Ghatak, J. Chakravarty, R. Dasgupta, and P. C. Chakraborti, J. Chern. Soc. Perkin 
Trans., 1, 2438 (1975). 
98. I. Lengyel and U . R. Ghatak, Advances in Mass Spectrometry, 6, 47 (1974). 
99. R. E. Moore, U. R . Ghatak, J. Chakravarty, R . Dasgupta and L. F. Johnson, Chern. 
Commun., 1136 (1970). 
100. L. F. Johnson, J. Chakravarty, R. Dasgupta and U. R. Ghatak, Tetrahedron Lett., 1703 
(1971). 
101. J. S. Birtwistle, D. E. Case, P. C. Dutta, T. G. Halsall, G. Mathews, H. D. Sabel and 
V. Thaller, Proc. Chern. Soc. (London), 329 (1962). 
102. R. B. Woodward, P. C. Dutta, and L. S. Weiler, J. Am. Chern. Soc., 87, 4662 (1965). 
103. J. Kovacs, C. Kalita and U. R. Ghatak, J. Org. Chern., 37, 30 (1972); and the preceding 
papers in this series. 
104. J. Kovacs, G. L. Mayers, R. H. Johnson, R. E. Cover and U. R. Ghatak, ibid, 35, 1810 
(1970) and the preceding papers in this series. 
5.7. ANALYTICAL CHEMISTRY 
THE research work on analytical chemistry was carried out in the Association 
in the Inorganic Chemistry department as well as in the Physical Chemistry 
department. The Inorganic Chemistry department, from its very inception, under-
took research problems on various aspects of analytical chemistry embracing 
volumetric, gravimetric and instrumental methods of analysis. In the former 
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two fields, new reagents were synthesized with an eye to attain selectivity 
and specificity for certain metals or non-metals or their combinations. Methods 
for analysis with the newly synthesized reagents were developed and in many 
cases existing methods were improved to obtain better and more meaningful 
results. Many analytical proc.edures developed in the laboratories of this depart-
ment are now being widely used in standard laboratories throughout the 
country. In the field of instrumental analysis, the work was carried out to include 
pH-potentiometry, polarography, solvent extractions, ion-exchange methods, 
spectrophotometry (u.v., visible and i.r.) and thermal analysis. Many methods 
were also developed in this department for the analysis of industrial samples like 
petroleum, foods, steels, ores and minerals. The Physical Chemistry depart-
ment, on the other hand, restricted its investigations on two important subjects 
viz. (i) non-aqueous titrations and (ii) estimation of functional endgroups in 
polymers by dye techniques. 
In the department of Inorganic Chemistry, extensive work was carried on 
the use of selective organic reagents in inorganic analysis. The use of organic acid 
amidoximes (benzamidoxime, salicylamidoxime, nicotinamidoxime, mandela-
midoxime) in the gravimetric, spectrophotometric and amperometric deter-
mination of several metal ions (copper, nickel, iron, uranium, titanium) has 
been developed together with the simultaneous spectrophotometric deter-
mination of iron and copper in a mixture by means of2-acetyl-pyridine oxime2 • 
Resorcylaldoxime has also been employed as a suitable reagent for gravimetric 
and colorimetric estimations of some metals. 
Salicylhydroxamic acid has been used4 for the colorimetric determination 
of traces of titanium in the presence of 6-llN H 2S04 • Methods have been 
developed for the gravimetric estimation of titanium and zirconium by salicyl-
hydroxamic acid as well as by benzohydroxamic acid. The reagent under 
suitable conditions have been found to be specific for titanium and method has 
been developed for the use of the reagent in the analysis of titanium and vana-
dium in industrial samples like alloys, ores, minerals, petroleum etc5• The reagent 
has also been used6 for the gravimetric estimations of aluminium, gallium and 
indium and for the spectrophotometric estimation of cerium7 • A rapid method 
for the estimation of calcium in presence of magnesium has also been developed 
with this reagents. The usefulness of a host of different hydroxamic acids has 
been explored for similar purposes9 • 
Studies on the pyridino- and quinolino-hydroxamic acids and anthranil-
hydroxamic acid have revealed their usefulness for the spectrophotometric 
determination of manganese, iron (II & III) and vanadium10 • Spectrophoto-
metric determination" of titanium and niobium with N-cinnamoyl-N-phenyl 
hydroxylamine and titanium with N-benzoyl-N-tolylhydroxylamine11 have 
been carried out in presence of a large number of diverse metal ions. 
3- and 5- aldehydo salicylic acids and their oximes as analytical reagents 
have been studied and their usefulness for gravimetric estimation of thorium 
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and its separation from rare earths have been described12 • 3-oximino methyl-
salicylic acid has been found to be a specific reagent for the gravimetric esti-
mation of copper and nickel. Methods have been developed for spectrophoto-
metric determination of uranium with 3-oximinomethyl salicylic acid and of 
iron with the same acid as well as with their corresponding oximes13. 
Biguanide sulphate and disodium versenate dihydrate have been utilized 
as primary acidimetric standards14 • The reagents compared well with hydrazine-
sulphate and potassium hi-iodate. 
A comprehensive study has been made on the usefulness of pyridine- and 
quinolinecarboxylic acids as colorimetric reagents for the determination of 
traces offerrous ion in presence of KCN15 . 
Benzimidazole, 2-methylbenzimidazoleiand 2-mercapto benzimidazole 
has been used as a gravimetric reagent for silver1 ~. 
A detailed study has been made on the use of rubeanic acid and its methyl, 
ethyl, benzyl, 2-hydroxy-ethyl and diphenyl derivatives as reagents for the 
spectrophotometric estimation of copper, nickel, cobalt and palladiuml7• 
Procedures for the gravimetric estimation of copper, nickel, palladium, 
vanadium and titanium and their separation from other ions with the use of 
o-hydroxyacetophenoneoxime have been describedl8. The reagent has also been 
used for spectrophotometric determination of iron, vanadium and uranium, as 
well as for the colorimetric estimation of vanadium in special steels19• 
A thorough systematic study of the interaction of some thioamides with 
metallic ions and their applications in analytical chemistry have been made20. 
Mention should also be made of the critical review of the colorimetric 
methods for the estimation of titanium, chromium, uranium and palladium that 
has been made in this laboratory under the auspices of the analytical reactions 
committee of the International Union of Pure and Applied Chemistry. A critical 
examination of the various colorimetric methods proposed for the estimation 
of these elements has been made. 
Thiocarbamidohydrazine and several of its derivatives ( diallyl, monoallyl, 
diphenyl and phenyl-allyl) have been successfully used for the gravimetric, 
micro-gravimetric, spectrophotometric and amperometric determination of 
metals like copper, nickel, zinc, cadmium, mercury, lead, silver and cobalt. 
A comparative study of these reagents has also been made21 • 
Quinoxaline-2-carboxylic acid and its 3-chloro and 3-hydroxy derivatives 
have been utilized for the gravimetric estimations of copper, cadmium, zinc, 
cobalt, nickel and palladium. With the 3-chloro and 3-hydroxy derivatives, 
palladium was found to be selectively precipitated. Complexometric estimations 
of palladium with the reagents have also been made. Quinoxaline-2, 3-dicarbo-
xylic acid was employed for the spectrophotometric determination of ferrous 
ion, while quinoline-2-aldoxime was used for determination of rhenium, gold 
and cobalt of which rhenium could be selectively estimated22 • 
Osmium was determined spectrophotometrically with 2-aminocyclo-
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pentene-1-dithiocarboxylic acid, substituted pyrazolones and with cystine23. 
Salicyloyl hydrazide has been successfully employed in industrial analysis 
of titanium in minerals, ores and alloys24. 
Benzimidazole-2-carboxylic acid was first introduced for the gravimetric 
estimations of copper and palladium and for the amperometric estimation of 
copper25. Amperometric estimation of copper, nickel, cobalt, cadmium and 
zinc with I, 2, 3-benztriazole have also been reported26• 
Analytical applications of schiff bases for estimation of a number of metal 
ions have also been developed. Schiff bases obtained from the condensation of 
5-sulfo-salicyladehyde with ethylenediamine and that from salicylaldehyde and 
glycinehydroxamic acid have been used for the spectrophotometric determina-
tion of iron27 • Several hydroxyaldimines and hydroxyketimines have been 
shown to be good precipitants in gravimetric estimations of metals28• A method 
for spectrophotometric determination of vanadium with the schiff base derived 
from 1-amino-8-naphthol-3, 6-disulfonic acid has been developed. The same 
schiffbase has also been used for similar determination of thorium and fluoride29. 
Colorimetric estimations of iron (III) have been made30 with the schiff bases 
derived from ethylene diamine and 3-aldehydosalicylic acid or ortho-hydro-
xyacetophenone and from salicylaldehyde and 1, 3-diaminopropanol-2. The 
schiff base of 3-aldehydosalicylic acid with ethylenediamine has also been used 
as an indicator in complexometric titrations for the estimation of iron and 
aluminium39. 
NoN-AQUEous TJTRATIONS 
In the field of non-aqueous titrations, the glycolic media or the so called 
G-H mixture (where G stands for glycols and H for any hydrocarbon dissolving 
solvent e.g., hydrocarbons, alcohols, ketones, esters etc.) were introduced for 
the titration of weakly basic compounds by strong acids like HCl or HC104 
when sharp inflections in the titration curve were obtained so that the end point 
can be accurately ascertained. The common acid base indicators including 
some whose pK values were quite a few units removed from 7 were found to be 
useful in detecting the end points32 • 
Apart from titration of weak bases and titration of salts of weak acids in 
glycolic solvents, the latter were found to be effective media also for the titra-
tions of weak acid- strong acid mixtures, e.g., HN03-CH3COOH. Sulphuric 
acid, unlike its behaviour in water, shows two inflections in its titration curve 
corresponding to its two dissociation steps. 
The technique of non-aqueous titration in glycolic media was employed 
in the estimation of organic bases and salts of organic acids33, determination of 
the molecular weights of some nylon samples by the pH titration of NH2 end-
groups in nylon34, estimation of several acid mixtures e.g. binary mixtures of 
H 2S04 with HN03, HCI, HC104, p-CH3.C6H4.S03H, H 3P04, salicylic acid 
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and acetic acid by potentiometric titration in glycolic media35 and the estimation 
ofunsaturation36• A review was published37• 
Apart from glycolic titration some work was also done in the field of 
volumetric estimation of heavy metals particularly of mercury. Thus Hg(II) 
salts were estimated3B by first converting them with the help of a base to HgO 
which is held in solution using acetone as the complexing agent. The mercury 
was then estimated by acidimetric titration of alkali liberated when KI or 
Na2S20 3 is added to the Hg(II) oxide complex. The method was subsequently 
improved by using urea or acetamide as complexing agent in place of acetone 39. 
The accuracy of the method prompted the authors to recommend Hg(II) salts 
as reliable primary acidimetric standard. 
DYE TECHNIQUES FOR THE EsTIMATION oF FuNCTIONAL GRouPs (END OR INTERNAL) 
IN HIGH PoLYMERs 
The discovery of dye techniques40- 43 viz . (i) the dye partition technique 
and (ii) dye interaction technique represents a major breakthrough in the 
analytical chemistry of polymer end groups. The estimation of the end groups 
in a polymer is a very difficult task mainly because of the fact that the end groups 
constitute a very minute fraction of the macromolecules, frequently at the ppm 
level. The dye techniques are simple to perform requiring only commonplace 
equipments and are sensitive and often specific. However, like almost every 
method the dye techniques have their limitations too. For example, they are 
applicable only to ionic group or groups that can be so transformed. Further-
more, the methods are limited to polymers which are soluble in water immiscible 
organic solvents. Some success has of course been achieved in recent years for 
application to water soluble polymers using some modification of the dye parti-
tion method. 
DYE PARTITION TECHNIQUE 
Surfactants were used as calibration standards in the early phase of the 
endgroup determination study. The method was improved subsequently44. An 
elegant discussion of the principles of dye partition method as applied to deter-
gents was provided45. Determination of long chain amines by the dye partition 
method was studied in some detail46. 
A great variety of dyes were used. However, the following dyes were found 
to be particularly suitable. Methylene blue, a cationic dye for strong acid 
groups, pinacyanol, also a cationic dye, for strong as well as weak acid groups 
(e.g., COOH, S03H); disulfine blue, an anionic dye for amino and quarternary 
ammonium groups. The groups that can be determined by dye techniques are 
carboxyl, sulphonate, sulphate, hydroxyl, halogen and amino. The ionic groups 
are determined straight while groups such as hydroxyl and halogen required 
prior conversion to ionic groups before their determination47,4B. 
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As the surfactants were not found to be ideal calibration standards for the 
estimation of polymer endgroups49, the dye partition method for both surfactants 
and polymers was analysed theoretically and equations were deduced which can 
quantitatively account for all the facts of analysis. A graphical extrapolation 
method not requiring any calibration data followed from this analysis44 • A 
detailed study of the physico-chemical aspects of the estimation of long chain 
amines by dye partition method using disulfine blue dye was also made50• 
THE DYE INTERACTION TECHNIQ.UE 
Besides its application in endgroup estimation, the technique has been 
successfully utilised for micronormal determination of various organic acids 
(carboxylic) bases (diethylamine, triethylamine and pyridine) and salts 
(myristyl bromide, mercuric chloride) in benzene and similar other solvents51 • 
Using dye technique as a tool, mechanistic studies of polymerization reac-
tions for a large number of initiator systems were performed and a review of this 
work was published•2 • 
REVERSE DYE pARTITION TECHNIQ.UE 
The dye partition technique as described earlier was subsequently modified 
to apply for water soluble polymers as well. The method uses an ionic dye 
bound to a weakly acidic or basic group in a polymer dissolved in a low dielectric 
constant organic solvent. The use of such a technique enabled the study of the 
hydrolysis of polyacrylamide, polyvinylacetate, determination of the reactivity 
ratio in copolymerization of acrylic and methacrylic acids with acrylamide, and 
the degree of substitution in carboxymethyl cellulose53. Some studies in the 
field of biopolymers such as determination of isoelectric pH and free carboxy 
groups in proteins were also performed with success54. 
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5.8. CHEMISTRY OF SOLUTIONS 
RESEARCH in modern physical chemistry is closely connected with the 
chemistry of solutions which is a vast and most interesting field. A solution 
involves two or more components which may interact in a highly complicated 
manner. The study of the chemistry of solutions is mainly concerned with un-
ravelling the nature of these complicated interactions between the different 
species present in the solution and their effect on the properties of the solution. 
These interactions may be of different kinds such as non-polar, polar, strong 
orientational (as in hydrogen bonding, charge transfer), ionic or even entropy 
driven (e.g. hydrophobic or hydrophilic), depending on the nature of the 
components. 
The Physical Chemistry section of the Indian Association for the Cultivation 
of Science has been engaged since its inception in 1947, in researches on various 
spheres of the chemistry of solutions. Systematic and extensive investigations 
have been made in respect of some of the areas, while others received only 
cursory attention. The work carried out can be broadly classified as follows, 
excluding those related to high polymers and polyelectrolytes which have been 
dealt within the section on "The Chemistry of Large Molecules". 
I. Solubilization 
2. Co-solvency 
3. Dipole moment computation and measurements 
4. Thermodynamics of liquid mixtures 
5. Self-association of dye-stuffs 
6. Proton transfer reaction in aprotic media 
7. Galvanoluminescence 
8. Non-Faradaic electrolysis and other anomalous features related to 
electrolysis 
9. Miscellaneous 
I. SoLUBILIZATION 
Detergents have been known to possess the unique power of solubilizing 
water in non-polar organic solvents such as benzene, and the late nineteen 
forties saw a surge of interest on understanding the process of such solubilization. 
Thus, it was shown that the degree of solubilization is largely dependent on the 
nature of the solvent (Palit and McBain, 1947; Winsor, 1948). Two theories 
were immediately proposed. The first one, known as Winsor's theory, sets forth 
the criterion of good solubilization in a balance of the lipophilic and hydrophilic 
affinities of the soap. The second one, called micellar theory, states that micelle 
formation is the cause of solubilization. In keeping with the prevailing interest, 
work in this line was started here around 1948 and the progress made is briefly 
surveyed below. 
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It was observed1 that a suitable mixture of solvents such as benzene and 
chloroform can solubilize much more water in presence of a typical quaternary 
ammonium type amphiphile than the individual solvents do in presence of the 
same quantity of the amphiphile. Though Winsor's theory can predict such 
effects, micellar theory meets with much difficulty to account for the observed 
behaviour. 
In a subsequent investigation2 on the solubilizing efficiency of a series of 
dodecylamine soaps offatty acids (C1-C18), it was demonstrated that on ascend-
ing the series, water solubilization in a given solvent attains a maximum at C4 i.e. 
butyrate, and then falls off sharply. The results fit well with the balancing 
criterion for the affinity ratio of Winsor's theory. However, viscosity and 
cryoscopic measurements of these solubilized systems confirmed that soap 
micelles incorporate the insoluble matter. 
Winsor's proposition was critically examined next and it was predicted 
that a mixture of a hydrophilic and lipophilic detergents in suitable proportion, 
which lie on the opposite sides of the aforesaid maximum, would show much 
enhanced solubilizing power. This was put to test using a series of dodecylamine 
detergents and the results3 show that the synergistic action is observed only with 
the mixtures of hydrophilic (formate, acetate) and lipophilic (i.e. laurate, 
oleate) detergents, but not when both the amphiphiles are either hydrophilic 
or lipophilic, in complete accord with the Winsor's theory. The observation 
further opens up the possibility of putting the micellar theory to a critical experi-
mental test by physicochemical measurements. Cryoscopic results with detergent 
mixtures show that there is very little change in the average degree of associa-
tion of the two individual detergents on mixing. This definitely discounts the 
idea that more solubilization necessarily means more micelle formation. It was 
suggested that it is more logical to consider micelle formation and solubilization 
as parallel phenomena arising out of a common origin rather than to regard 
the latter as being caused by the former, as had been done by almost all the 
workers in this field. 
Attention was then focussed on another prediction ofWinsor's theory which 
states that for the same detergent, a mixture of two solvents which forms either 
type I (potential water-in-oil emulsion) or type II (potential oil-in-water 
emulsion) systems would show increased solubilization. The conclusion was 
already verified in a limited scale (as mentioned above) and later an extensive 
systematic study of this phenomenon was undertaken. Results4 so obtained 
show that solubilization increases considerably on mixing two solvents of 
opposite type (type I and type II) in suitable proportion whereas no such in-
crease is observed in mixtures of solvents of the same type. It was further shown 
that the process of solubilization involves a number of phase transitions and 
very often liquid crystalline phases are formed. The peculiar electro-optical 
properties of these liquid crystals were studied and interpreted in terms of 
Winsor's theory. It was possible to determine the complete three component 
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phase diagrams of a typical system, lauryldimethyl butyl ammonium bromide+ 
chlorobenzene+water, which helped in developing an overall picture of the 
complicated process of solubilization. 
2. Co-soLVENCY 
It has long been well-known that a mixture of two non-solvents has a strong 
dissolving power for substances generally of high molecular weight such as 
cellulose derivatives, resins etc. However, systematic work on such co-solvent 
action on the solubility of comparatively low molecular weight substances such 
as soap began only in the early nineteen forties when a powerful co-solvent 
system of glycol (G) and a hydrocarbon dissolving solvent (H) was discovered 
(Palit, 1942, 1947; Palit and McBain 1947). Subsequently, it was observed that 
some organic bases have marked solubilizing effect on metallic soaps (Pink 
et al, 1948-51). In view of the evident theoretical interest on co-solvency and 
industrial utility of such solvent systems for many soaps, a detailed programme 
on co-solvency was undertaken here around 1948. 
Solubility measurements on sparingly soluble alkali metal stearates were 
carried out using a series of G-H co-solvent media and the results5 show that 
glycolic mixtures improve to a great extent the solvent power of individual 
solvents. From a comparison of the data for different systems, it was shown that 
co-solvent action can be understood from the fact that hydrocarbon part of 
the soap is dissolved by H-cosolvent and -COO- part by G-cosolvent through 
hydrogen bonding. 
In an extension of the work on metallic soaps it was found that solubilizing 
power of glycols for such soaps though considerable, is much less than that for 
alkali metal soaps. Search for a better solubilizer was made and it was shown6 
that secondary amines could be powerful solubilizers for zinc and lead soaps in 
chloroform like media. Attention was expectedly then focussed on a compound 
which is structurally both a glycol and an amine. To this end diethanolamine 
was tried and powerful solubilizing action was observed. It was further observed 
that joint action of an amine or alkylolamine plus a glycol is more powerful than 
the individual additives in such dissolution processes. From a critical examination 
of the results7 it was concluded that soaps get dissolved by simultaneous solvation 
of the metal atom by nitrogen through a co-ordinate bond and the carboxylate 
oxygen through hydrogen bonding with glycolic hydroxylic groups. 
Meanwhile, an explanation of co-solvency based on the regular solution 
theory of Hildebrand was offered which states that co-solvency would be observed 
with any two solvents if the solubility parameter (a measure of cohesive energy 
density) of the solute is intermediate between those of the pure solvents, and it 
gets support from phenanthrene solubility in cyclohexane-methylene iodide 
mixture. According to this idea, anthracene should not show co-solvency in 
binary mixtures of iodobenzene or iodoethane and benzene, cyclohexane or 
14 
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cyclohexene as the solubility parameter for the solute here is higher than for both 
the solvents. However, it was demonstratedS that all the aforesaid co-solvent 
media dissolve anthracene to a much greater extent than the individual solvents 
do. The finding obviously throws doubt on the applicability of regular solution 
concept to such results and it was suggested that strong complex forming 
tendency of iodine is carried over in iodides like RI where R is a sink of electrons 
and this power of complexation by iodine atoms is responsible for the co-
dissolving power of iodides. 
Investigation was also carried out on solution properties of polymers like 
polyacrylonitrile, polystyrene, polymethyl styrene, polymethyl methacrylate 
and polyethylene in co-solvent media and the results have been discussed under 
the section on "Chemistry of Large :Molecules". 
3. DIPOLE MoMENT CoMPUTATION A!\"D. :MEASUREMENTS 
:Metallic soaps form a very interesting class of compounds not only because 
of their peculiar physico-chemical behaviour, but also of their unusual type of 
structure. In spite of their much technical utility, systematic scientific work on 
them began only around mid-forties. Quite a few such soaps, because of their 
solubility in aromatic hydrocarbons, were generally regarded as non-polar 
though no adequate evidence exists to this point. While studying solution proper-
ties of soaps attention was also paid to their molecular structure and investiga-
tions were•started on the dielectric behaviour of such substances around 1948. 
For the computation of true polarization of solute from solution dat<\-, many 
workers proposed a number of methods all based on De bye's classical equation. 
Of them the most important ones are those of Guggenheim (1949) and Smith 
(1950). However, these methods involve questionable assumptions of linear 
variation of density, dielectric constant, refractive index with concentration, 
and law of mixtures. The suggestion9 was put forward that since polarization is 
expressed in volume units, the rational approach to the problem of computation 
of polarization without involving any assumption should be through the concept 
of partial specific polarization in mixtures. Thus a theoretically rigorous method 
for calculation ofpolarization.at infinite dilution and hence the dipole moment, 
either graphically or analytically was developed. The method is quite general, 
does not necessarily use Debye's equation and can be equally well adapted to 
any other equation e.g. Onsager's equation etc. Also, the method is much simpler 
in computation than the usual methods and is found to yield reliable .results. 
Furthermore, the method would enable one to determine the change in polari-
zation of a·component with change in composition, which in turn would throw 
light on their mutual interaction. Almost simultaneously Guggenheim (1951) by 
an elaborate mathematical procedure obtained a new equation which is simpler 
than his earlier and Smith's equations. It was pointed out10 that the partial 
specific polarization approach leads to a more complete equation for the dipole 
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moment computation, a fairly good approximate of which is represented by 
Guggenheim's equation. 
For the calculation of dipole moment values of metallic soaps from dielectric 
measurements, the methods of Debye as also of Guggenheim were employed. 
It was found that bivalent (e.g. copper, magnesium, lead etc.) as well as trivalent 
(e.g. ferric, aluminium) metallic soaps possess fairly high dipole moment. It was 
suggested that this high polarity iS: contributed in a great measure by large 
separation of charges owing to the centre of negative charge residing well within 
the long hydrocarbon radical11• 
Attention was next paid to the possibility that Guggenheim's method offers, 
by dipole moment measurements, understanding of the mutual interaction 
among different components of a solution in a mixed solvent system. To this end, 
measurements of the change in dipole moment that occurs on addition of a small 
quantity of alcohol, which is known to profoundly influence. the viscosity, to 
benzene solutions offerric and alluminium oleates were carried out. It was found 
that on gradual ;1ddition of alcohol, dipole moment first rises steeply and then 
falls sharply. This is ascribed to micellar breakdown and solvation of soap by 
alcohol, followed by incipient coagulation on further addition of non-solvent 
alcohoP2 • 
4. THERMODYNAMICS <>F LIQ.UID MIXTURES 
The observed differences of properties of a mixture of two or more liquids 
from those of its components have always been used .as a key which leads to an 
idea regarding the .physical forces acting between the molecules of different 
species. The molecular theory of mixtures was given a brilliant start by van der 
Waals and his school (1890, 1900) who treated a mixture exactly as the same way 
as a pure component. However, their methods were largely empirical and 
attempts were made around 1925-30 to base the theory of liquid solutions 
on a lattice model. The most complete formulation of such a model 
was given by Guggenheim (1952). Simultaneously, Mayer and McMillan 
(1945) and Kirkood and Buff (1951) got interesting results for very dilute 
solutions by an extension of the powerful techniques . used in the theory of 
imperfect gases. r. 
The main progress in the theory of concentrated solutions came from two 
complementary directions of approach i.e. the cell model of Lennard-Janes and 
Devonshire (1937) and theory of conformal solutions by Longuet-Higgins 
( 1951). Prigogine and his school ( 1956) incorporated the main advantages of 
both the models in a well..;knit tqeory. Balescu (1956) of this school, extended the 
model to weak dipolar interactions while others extended the model to the case 
of globular molecules. · . , 
At the .same time the field of strong orientational interaction like hydrogen 
bonds were invaded by rigid lattice models. Barker (1952) and Tompa (1953) . 
212 A CENTURY: INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
generalized the rigid lattice model. Their detailed de~cription allowed a molecule 
to have contact points of several types. 
With this background, investigations on excess thermodynamic properties 
such as excess enthalpy (HE), excess volume (VE) and excess Gibbs free energy 
(GE) of binary non-electrolytic liquid mixtures were undertaken around 1957 
and sophisticated instruments like microcalorimeters, pycnometers and dynamic 
as well as static equilibrium stills were designed and fabricated for precise ex peri-
men tal measurements to match the vigorous theoretical development in this area. 
The microcalorimeter13 that was extensively used was fabricated on the 
model of McGlashan and Adcock (1954) but with important modifications 
giving it the final shape of a fool-proof adiabatic isothermal twin-microcalori-
meter. The background fluctuation of temperature was minimized utilizing the 
lagging principle of Tian ( 1922) for the first time in such a calorimeter with the 
heat of stirring properly compensated. 
The first condensation-recirculation (dynamic) type of equilibrium still14 
was constructed following McGlashan, Prue and Sainsbury ( 1954). This still 
could be run even with a quantity as small as 10 mi. of the mixture. Evaporation 
during sampling was minimized by a cryoscopic arrangement, adding to the 
precision of the instruments over its predecessors. 
The second dynamic sti1115 •16 was, however, of the Brown and Ewald 
( 1952, 1953) type with sigaificant improvements reducing changes in composi-
tion due to entrainment and the contamination of liquid and vapour phases 
during the initial stages of boiling. 
In keeping with the concurrent interest in the measurement on systems 
where the differences in the physical properties of the components, are maximal, 
a versatile static type of equilibrium stil!l7.18 was constructed and worked next. 
Although inspired by the Scatchard (1964) model, this instrument had many 
distinctive merits and featured as the first all-glass-mercury static equilibrium 
still in literature. Standard single-stem pycnometers were always used for densito-
metric and excess volume measurements. 
On the theoretical front, it was observed that Balescu's treatment on 
solutions of molecules with slightly different size did not fit for systems of chloro-
benzene or fluorobenzene with cyclohexane, carbon tetrachloride, benzene or 
toluene but on an improvement made with correct averaging and a departure 
from its combination rule, a good agreement between theory and experiment 
was possible19·2o. 
Later, non-polar central forces and non-central forces of both weak dipolar 
and structural origin (the latter arising out of the aspherical shape of the non-
polar molecules) were combined into a single potential21- 2'. In this treatment 
the excess thermodynamic functions of a mixture of globular molecules of a 
non-polar and weakly dipolar origin comprised of pure non-polar, pure-dipolar, 
polarizability and structural contributions. The excess data of the systems 
referred to above were satisfactorily predicted in this new approach. 
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In a subsequent work the excess data on binary systems of toluene and 
methyl cyclohexane with fluorobenzene were examined from Barker's (1952) 
generalized quasi-lattice approach where GE values were not at all compa-
tible with experiments. These workers modified the theory by weighing out 
the number of molecular interaction pairs by their interaction co-operative 
free energy and not ju<;t by their interaction energy25 • Although this new 
basis could not provide an independent estimate of HE and G'\ it was 
nevertheless possible to predict the excess properties in terms of the various 
molecular contact pairs, once they have been evaluated severally and 
uniquely by analysing data on similar and carefully chosen allied binary 
systems. Whereas the basic correctness of the approach was satisfactorily establi-
shed in its close fitting with all the experimental data for different systems, the 
technique was immediately applicable for the theoretical analysis of systems of 
molecules which are disparate in size, shape and energy parameters and are 
otherwise not amenable to any theoretical treatment. 
This powerful method was next utilized18 in exploring the possibilities of 
obtaining a unique panel of interaction parameters applicable to systems of 
identical sets of contact pairs e.g. benzene, toluene with cyclohexane, cyclooctane 
etc. studied in this laboratory26 and elsewhere. It was found that no exact cross-
fitting of data was possible for the contact interaction parameters of closely allied 
or even similar systems and for that matter no particular group of atoms belong-
ing to two different molecules could be regarded as strictly identical. The 
character of any contact surface cannot be assumed to remain intact even in 
closely related molecular configurations and that this came in as a limitation 
inherent in this otherwise useful approach. 
By applying Flory's theory (1965), on the above systems, however, the 
veracity of the entropy of mixing parameter, subsequently appended by Flory 
(1967) was all the more established18. 
It has been observed that the Prigogine-Patterson generalized correspond-
ing states theory applicable to binary systems of chain molecules as well as 
"simple" spherical molecules could not remove discrepancies between the 
experimental and theoretical excess data for systems of globular molecules and 
polymeric chain molecules with non-spherical segments. A perturbed Rawlinson 
potential which is conformal with a (6, 12) hi-reciprocal Lennard-Jones potential 
was subsequently introduced27 along with the usual segmentation procedure of 
the generalized corresponding states principle to describe the acentric force 
field around the interacting centres. This approach dissected the excess 
functions into two contributions: central and structural where the latter 
arose out of the globular nature of the molecules or isometric segments 
thereof. 
For mixtures of condensed gases or other quasi-spherical molecular systems 
the results were as good as those of the Prigogine or Flory approach. But for 
mixtures of globular molecules the non-central interactions are found to play a 
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relatively more decisive role in giving a closer agreement with the experimental 
result~18 . 
5. SEU-ASSOCIATION OF DYE-STUFFS 
It is well-known that dye-stuff~ undergo self-association in aqueous solution. 
The nature of such dye-aggregation, aside from its intrinsic interest, is important 
in understanding problems like fibre dyeing, tissue staining, spectral change 
and energy transfer studies, adsorption and photography. Moreover, such self-
association of flat aromatic dye ions provides an excellent model system for 
understanding 'stacking'-type interactions which are probably greatly responsible 
for stability of DNA molecules. Although a large number of studies has been 
made, neither the nature of equilibria nor the causes behind such association 
have been known to any degree of satisfaction. The main difficulty was the lack 
of a suitable method for such investigation. Around 1961, a new technique called 
'isoextraction' method-an equilibrium method based on partition between 
solvents,--was developed here. Utilizing this technique, one can determine 
equilibrium dye monomer concentration as a function· of total equivalent 
concentration of the dye in the aqueous phase-the most useful information for 
studying association equilibria. 
This tool was applied to the problem of self-association of the cationic dye 
methylene blue using chloroform as the organic solvent. ResultS28 show that the 
average number of monomers in the average aggregate is two at infinite dilution 
and increases rapidly to nearly five at higher concentration. The self-association 
thus, cannot be described by dimerization as is frequently assumed. Further 
analysis reveals that self-association equilibria involve multiple stepwise asso-
ciation to dimers, trimers, tetramers and higher multimers. 
The 'isoextraction' data for methylene blue was next utilized to evaluate 
equilibrium constants and their sequential relationships. It was found that the 
stepwise trimerization constant in spite of expected higher charge repulsion is 
higher than dimerization constant. To investigate the nature of variation of 
higher step-wise association constants, several one and two-parameter stepwise 
self-association models were eXamined. It was shown that the model in which 
the higher step-wise association constants decrease in a mildly varying order 
is the best one. It was further demonstrated• that literature data on other dyes 
e.g. anionic dye Orange II can be well described by the above self-association 
model for methylene blue suggesting that the model is of general validity for 
association of ionic dyes. It is concluded that the important interactions in dye-
association are relatively non-specific van der Waals' forces, hydrophobic interac-
tions and electrical repulsions29• 
Further studies3° on activity co-efficients of methylene blue and its asso-
ciation with respect to the effect of ionic strength by 'isoextraction' method 
show that the monomeric dye salt behaves as a typical 1:1 inorganic electrolyte, 
RESEARCH CONTRIBUTIONS 215 
there is no counterion participation in self-association at low ionic strength and 
that self-association is favoured at higher ionic strength. 
Though the findings on the nature of dye-association by 'isoextraction' 
method appear reliable, an independent study by a different equilibrium 
approach is highly desirable. To this end, another useful technique based on 
pi'Otona tion equilibrium of methylene blue was developed and applied to study 
association of the dye. ResultsS1 obtained are very similar to the previous ones. 
The new method thus provides a strong independent confirmation of the 
previous findings. 
Attention was next focussed on thermodynamic aspects of self-association 
and hydrophobic bonding of the methylene blue to have a deeper insight in to 
such affairs. It was found that 'unitary' entropy of dimerization is positive 
suggesting the importance of water-structure effects in the stability of dimers, 
a conclusion supported by another study32 on the effect of urea on self-asso-
ciation of the dye. The heat of dimerization is negative arid substantial in 
magnitude. From a critical analysis of the possible causative factors, it' is 
concluded that somewhat non-specific polarization-dispersion forces and water-
structure effects are mainly responsible for association of such flat molecules in 
aqueous media. That trimerization constant in spite of stronger charge repulsion 
is; greater than dimerization constant suggests that there is an appreciable 
s~cond-nearest neighbour attractive interaction in the 'stacking' process. This is 
clearly of considerable interest as regards the 'co-operativity' of'stacking' interac-
tions, it being easier to add a monomer to a dimer than to another monomer. 
This factor should be important for the stability of biologically important 
systems such as double stranded DNA molecules. The extra stability of trimer 
appears to be due to a favourable entropy increase overcoming an enthalpy 
increase. This indicates long-range water-structure contribution in promoting 
dye-association in aqueous solution.s3 
6. PROTON' TRANSFER REACTIO:-<S IX APROTIC MEDIA 
In recent years there is an increasing awareness towards achieving a unified 
picture of acid-base interaction in non-aqueous media of comparatively inert 
nature. However, there have been very few systematic investigations using dyes 
as reference in aprotic media such as benzene excepting a few involving acid 
dyes (Davis et al., 1948-68). The reason is probably that most dye-stuffs are very 
sparingly soluble in such media. By about 1960, a useful technique for extraction 
of cationic dyes in benzene after the conversion of the dyes to the base form 
was developed here.3 4.35 Utilizing this technique a . programme on proton 
transfer reaction :with carbinol bases of cationic dyes which undergo slow reaction 
with different protogenic compounds in aprotic media, was undertaken. 
Equilibrium studies on acid-base interaction in aprotic media between 
colourless carbinol base of crystal violet and different acids to produce coloured 
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salts, were carried out36.37, It was found that phenol and mercuric chloride 
(a Lewis acid) behave unexpectedly as strong acids. In general, it is seen that 
relative protonation power of an acid depends strongly on the specific interac-
tion involved and on the nature of the solvent. It was suggested that in addition 
to the monomeric acid, dimer and acid anion complexes also take part in proto-
nation reaction. Kinetic studies36•38 on such reactions show that both the 
forward and reverse reactions are influenced by acid, and that the reverse 
reaction is retarded by acids in most cases. A Hammett-type relation is found to 
exist for aromatic acids for both equilibrium and kinetic constants, if pKa values 
in water are used as reference. 
In an extension of the work, interaction of several alcohols with dye base of 
ethyl violet in aprotic media was studied!l9- 41• It was found that relative acidity 
order of alcohols in benzene, toluene and xylene is the same and that this order 
does not always follow the order reported for water. Results also indicate the 
presence of associated forms of alcohol. Further, the reaction shows the charac-
teristics of the general acid catalysis, alcohol playing the dual role of reactant 
and catalyst. 
In a subsequent work, interaction of different phenols with crystal violet 
carbinol base in aprotic media was studied42 •43. It was found that relative acidity 
of substituted phenols with respect to phenol is increased when transferred from 
aqueous to benzene environment except where chelation predominates e.g. 
ortho-substituted phenols. The order of relative strength of para, meta and ortho 
substituted phenols when compared with phenol as standard in benzene medium 
runs parallel to that in water. This suggests that the electrostatic effect ofsubsti-
tuents is the dominating influence on the acid-strength in aprotic solvents. 
Results on the effect of solvents on acid strength of phenols indicate that specific 
effects other than dielectric constant may be more important in such interactions. 
Investigation was also done on interaction of phenolic dye eosin44 and ethyl 
eosin45 with all classes of aliphatic amines in aprotic media. It is inferred that 
such interaction gives rise to a number of species such as hydrogen-bonded 
complex, amine-solvated hydrogen-bonded complex, proton-transfer complex 
and amine-solvated proton-transfer complex. 
Lately, a very striking observation on acid-base behaviour in aprotic media 
was made. It was noted that when colourless weak carbinol base of a dye such as 
auramine is allowed to interact with a polymer with sodium sulfonate end-
group in benzene, a coloured dye salt is produced and sodium hydroxide is 
obtained. Such displacement of strong base from its salt by a weak base was also 
observed with anionic detergents. Similarly, displacement of a strong acid by a 
weak acid was observed with phenolic dye ethyl eosin or nitrophenol and 
tetraalkyl ammonium salts. This unusual course of reaction may be thought of 
as consistent with the hard-soft-acid-base (HSAB) principle. The dye ions 
being big and highly polarizable and hence soft, have an innate affinity for their 
soft counterparts. Anyway, the results of such abnormal reactions point to the 
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fact that an absolute order of acid-base strength is an unattainable goal and 
extraneous factors which may not be directly linked with the acidity or dipole 
moment of the solvent, might also play an important role46 • 
7. GALVANOLUMINESCENCE 
It has been reported occasionally in the literature that when ordinary 
electrolysis is carried out at sufficiently high voltages, a spontaneous switch-over 
to a radically different type of electrolysis occurs. This new phenomenon is often 
associated with some form of luminescence at either cathode or anode, and is 
referred to as 'galvanoluminescence' or 'glow-electrolysis'. Although the process 
has been known since as early as 1844 (Fizeau and Foucault) and long in use in 
the technology of electrolytic heat treatment of metals, systematic study in this 
line began only recently (Kellogg 1950; Hickling et al. 1961-1969). These 
investigations brought out the highly interesting result that the amonnt of 
chemical reaction occurring at a luminescent anode exceeds that stipulated by 
Faraday's law. Work on the chemical aspects of the corresponding cathode 
glow process was initiated here by around 1966. It was found that in an aqueous 
medium the volume of gas liberated at a luminescent cathode not only exceeds 
the Faraday law value by several hundred per cent, but also that this cathode 
gas contains considerable percentage of oxygen47-49• Further, it was observed 
that imposition of a magnetic field can reversibly quench the electrode glow 
indicating the involvement of ion-radicals4s. 
Subsequently, in an attempt to unravel the mechanism of the non-Faradaic 
natu-re of the chemical results of the phenomenon, a detailed investigation on 
production, chemical effects and spectral characteristics of galvanoluminescence 
was undertaken. It was foundao that apart from the general occurrence of positive 
deviation from Faraday's law and co-liberation of hydrogen and oxygen in the 
gas liberated at a luminescent electrode, depending upon the nature of electro-
lyte used, other novel products may be produced. Besides, with electrolytes like 
hydrochloric, nitric, perchloric acids, the nature of chemical effects may be 
profonndly altered by the nature of glow condition produced. From a critical 
examination of the results, it was shown that chemical results of glow-electrolysis 
is partly Faradaic and partly non-Faradaic and that the species involved in 
Faradaic part of the results may differ in suitable imtances from those in 
ordinary electrolysis50• Although the general characteristics of both cathode 
glow and anode glow are similar, it was found that the extent of non-Faradaic 
reaction in the former is much higher (about nine times) than that in the 
latter51 • An analysis of the chemical results supplemented by results on produc-
tion, spectral and magnetic studies of glow electrolysis, favour the idea that 
during electrode glow, the glowing electrode is separated from the electrolyte 
by being enclosed in a luminous sac of plasma through which current passes by 
glow-discharge mechanism60 • And the mechanism proposed for chemical effects 
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ofelectrode glow is based on the energy-transfer processes in the glow-discharge 
section giving non-Faradaic part of the results, and charge-transfer processes 
at the plasma-solution interface giving Faradaic part of the results50· 51 . 
8. NoN-FARADAic ELECTROLYSis A;.,D OTHER A;.,oMALoFs FEATl'RES RELATED 
TO ELECTROLYSIS 
Faraday's law of.electrolysis is generally Considered to be rigorously valid. 
As a matter of fuct, if current conduction takes place by the simple ionic 
mechanism as envisaged by Hittorf, Faraday's law is bound to be absolutely 
valid. However, an obvious exception is galvanoluminescence (as mentioned 
earlier) where the chemical decomposition is known to be several hundred 
percent of that predicted 'by Faraday's law. 'Vhile studying the phenomenon, 
the possibility of existence of some deviation from Faraday's law in ordinary 
electrolysis was brought into focus. Very dilute aqueous solutions whose ion 
population is too low to cope with a .comparatively large flow of electrons, 
received immediate attention. In fact, it was very striking that electrolysis of 
dilute solutions (millinormal strength or pure water) at low current density 
produces results not compatible with those expected from Faraday's law and 
Faraday-Hittorf mechanism53- 55• The three basic non-Faradaic features or 
anomalies66- 61 characteristic of. such electrolysis of solutions which would 
normally liberate hydrogen at.cathode and oxygen at anode, are: 
(i) Volume deficit~ The volumes of gas liberated at both the cathode 
and·anode are less than the correspondingFaraday's law values. 
- (ii) Ratio.anomaly--The volume ratio of cathode gas to anode gas is 
greater than 2. Under .. suitable conditions, the anode gas volume 
tends to a very small value. , 
(iii) Co-liberation-The cathode gas as well as the anode gas is indivi-
dually an explosive mixture of hydrogen and oxygen. This is the 
most serious anomaly. 
All these anomalies have been found to be the general electrochemical 
behaviour of praCtically-all electrolytes under low current and low concentra-
tion conditionS'~ It has also been obst:rved that with increase of current and/or 
concentration all the anomalies tend to disappear and the results become more 
and more Faradaic. Water shows the highest anomaly. 
In course of such studies on low current electrolysis of dilute solutions a few 
other anomalous features have been observed6t}. They are: 
(a) Intermediate zone (IZ) gas liberation-Gases (hydrogen and 
oxygen) have been found· to be liberated not only at the electrodes 
but also in non-electrodic lZ in suitably designed cells80 • 62-6~. 
(b) Migration of electroneutral molecules from IZ--If the non-electrodic 
IZ be exposed to an atmosphere of electroneutral species like nitrogen 
or argon, the latter gets transported away to both the electrodes with 
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concurrent liberation of hydrogen and oxygen in IZ. The latter 
process has been found to be accelerated under these conditions60 • 8~. 
(c) Chemical reaction in IZ-It has been found that under anomalous 
electrolytic conditions substances such as benzene, chlorobenzene, 
nitrobenzene, etc. if placed in the non-electrodic IZ, get transformed 
there into a brown coloW"ed complex mixture containing among 
other polyphenoJseo.ss. 
A good deal of investigations has been carried out confirming the above 
anomalies but a satisfactory mechanism is yet to be developed for these puzzling 
findings. However, from a critical analysis of the large body of accumulated 
data, it is strongly believed that during electrolysis of sufficiently dilute solu-
tions, water molecules, radicals, microbubblcs or clusters thereof after getting 
charged, take part in current conduction and their interaction gives rise to the 
non-Faradaic featW"es. 
Though not directly linked to non-Faradaic electrolysis, a few other novel 
electrolytic phenomena apparently irreconcilable with our existing concepts, 
have been observed. These are: 
(i) Shift of current-voltage (i-V) CW"Ve-The i-V curve beyond de-
composition potential changes considerably (the shift may be even 
few hundred per cent) on making the electrolyte flow. The change 
is negative for salts and positive for acids and alkalis66-6s. 
(ii) Multiple boundary formation on electrolysis-Electrolysis of dye 
solutions under some condition in W-type and other suitable cell-
designs results in stratification of the entire solution into a number 
of zones of contrasting coloW" and pH, demarcated by sharp boun-
daries. A common peculiar feature of the phenomenon is practically 
complete ion-depletion in the central non-electrodic region of the 
cell. This is also typical of inorganic electrolytes like potassium 
dichromate etc60·89- 72 • Besides, there has been observed multiple 
band/boundary formation on electrolysis of some coloured electro-
lytes not only in W-tubes but also in simple U-tubes. Lately, a 
mechanism in terms of sweeping out the ions · of the electrolyte by 
ions of the solvent, has been advanced. 
(iii) Ion-migration from the trans-electrodic zone-It has been found 
that under certain conditions during electrolysis of electrolytes like 
chromic acid, ions could migrate briskly from the outer electrodic 
zone to the electrodic areas73 • 
9.· MISCELLANEOUS 
,- : 
,·,. 
(a) Mutual correlation of physical properties: Based on Eyring's rate theory 
and hole-structure of liquids, a theoretical relationship for the viscosity var-ia-
tion of homologous liquids74~76 and an absolute equation interrelating intrinsic 
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viscosity and molecular weights of high polymers77.?S have been deduced. 
The latter has been shown to be of more general applicability than the modified 
Staudinger equation. Interrelationships between viscosity and boiling point of 
certain homologous series ofliquids79 have also been developed. All the relations 
give nice agreement with the experimental results. 
Furthermore, it was shown that there exists very interesting relationship 
between boiling point and other physical properties like polarization, refracti-
vity, van der Waals volume, atomic size etc. on the one hand and the effective 
nuclear charge of the molecules on the other. Important correlations for boiling 
point variation of homologous liquids and dependence of force constant on 
electronegativity, bond strength and bond order have been developed as also 
the interrelationship between bond length and bond order8°-86. An electronic 
correlation of molar refraction87 giving information about electronic structure 
of the groups was also advanced. 
(b) Thermodynamic interpretation of Eiitviis equation: From a theoretical analysis 
of Eotvos equation for temperature dependence of surface tension of liquids, 
it was shown8~ that entropy is higher on the surface of a liquid than in the 
interior, and this excess entropy is constituted practically of configurational 
entropy of the molecules. 
(c) Thermodynamics of micellization: A mass-action approach was in tro-
duced89 to formulate the thermodynamics of micelle formation of association 
colloids. This is a considerable improvement over that based on the much 
used two-phase theory. The predictions of the new approach conform well 
to the experimental results. 
(d) Nature of counterion binding on charged colloids: An equilibrium method 
involving the use of partial molar volumes was proposed90 to examine the 
question of specificity of binding of counterions on highly charged colloids such 
as micelles of association colloids and polyelectrolytes. The results obtained 
strongly favour the idea that the interactions are mainly electrostatic and that 
covalent or other specific forces are not involved. This approach is more general 
than Raman spectro~copy or nuclear magnetic resonance. 
(e) Ion-association: Investigation was carried out on the thermodynamic 
aspects of ion-association for a series of aqueous systems comprising of bivalent 
metal ions (mostly transitional) and inorganic (selenate) as well as organic 
(aliphatic and aromatic hydroxy carboxylates) ligands91-loa. The heat and 
entropy data were examined in relation to the factors involved in the association 
process. It was found that entropy of association varies regularly with the 
hydration entropy of the ligand for complexes like copper malonate, copper 
glycollate, copper malate and also for much weaker association between calcium 
ion and the ligands. From an analysis of the results, useful informations have 
been obtained on the nature and type of bonding between the participating 
ions. 
(f) Hydrogen-bonding interaction: Hydrogen-bonding interaction of C-S 
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chromophore (of ethylene trithiocarbonate) with different alcohols104 fluoro-
alcohols105, phenols106· 107 (0-H ... S type) and thiophenols (S-H ... S type)l08 
was studied. Investigation was also done on such hydrogen-bonded complex 
formation of different aromatics with ,8-naphthol (0-H ... -rr type) and 
<-naphthylamine (N-H ... -rr type)I09-lll, 
In a subsequent work, interaction of a group of phenols with polymer 
substrates such as silicone rubber in aqueous medium was studied. Results112 
obtained suggest that the mechanism of sorption with regard to solute (phenol)-
polymer binding is predominantly of hydrogen-bonded type. 
(g) Reaction kinetics: Detailed kinetic investigations of several interesting 
reactions have been made with a view to understanding the mechanism of these 
reactions. A few of them are mentioned below: 
(i) Halogenation of acetic acid--It was observed that sodium acetate 
can catalyse the bromination or iodination of glacial acetic acid at 
room temperature. Results from kinetic studies indicate that the 
reaction occurs through the attack of the positive end of the pola-
rized halogen molecule on the .r.-carbon atom which becomes 
activated by an inductive mechanism113 -114• 
(ii) Slow quenching of fluorescence-Quenching of fluorescence is 
usually a very fast reaction. But in the case of thionene it was sur-
prisingly observed that its fluorescence in alcoholic solution dis-
appears slowly and continuously on addition of an alcoholic solution 
of abietic acid. Fluorimetric results indicate the occurrence of a 
slow chemical reaction leading to the formation of some thionene-
abietic acid complex which provides little scope for any intermediate 
transition to any metastable energy level responsible for 
fluorescence115• 
(iii) Long chain quaternary salt formation-Kinetics of this reaction in 
non-aqueous medium was studied by a direct potentiometric method 
developed here. Results show that the rate is higher for longer 
chains, which is mainly ascribed to a decrease in the enthalpy of 
activation factor116. 
(h) Acidity function: Investigations have been done on the proton donating 
capacity of strong acids like hydrochloric and perchloric acids in ethylene glycol 
and its mixtures with water with a series of a nitroaniline indicators, and 
Hammett's acidity function scales in such media have been determined. The 
resultsll7 obtained indicate greater acidic character of ethylene glycol than of 
methanol or ethanol. Further, these acidity scales were shown to be of much 
utility in mechanistic interpretation of some acid catalyzed reactions such as 
inversion of sucrose, depolymerization of paraldehyde and iodination of acetone. 
( i) Absorption spectra of'red' meth)'lene blue: The benzene extract of methylene 
blue solution in an alkaline buffer is red in colour. From spectral study on this 
'red' dye it has been concluded that this red form of methylene blue is not 
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a n~w form of the dye, but is the dimer-its red colour in benzene being due 
to a solvent effect118• 
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1965 Prof. R. B. Woodward 
PAST MEMBERS OF THE 
ACADEMIC STAFF 
Department of General Physics. & X-rays 
B. N. Srivastava, D.Sc., F.N.I., Professor 
B. V. Ramanamurthy, Ph.D., Research Officer 
A. Quader, Ph.D., Research Officer 
J. K. N. Sharma, Ph.D., Research Officer 
Department of Magnetism 
A. Bose, D.Sc., F.N.A., Professor 
J. K. Basu, Ph.D., Research Assistant 
R. Chatterjee, Ph.D., Research Assistant 
Department of Optics 
S. C. Sirkar, D.Sc., F.N.A., M.L.S. Professor 
B. M. Bishui, M.Sc., Research Officer 
S. N. Sen, Ph.D., Research Officer 
A. R. Deb, Ph.D., Research Officer 
Depar/ment of Theoretical Physics 
A.K. Roychoudhuri , D.Sc., Research Oflicer 
S. N. Biswas, Ph . D., Lecturer 
D. M. Bhattacharyya, M.Sc., Research Officer 
Department of Plrysical Chemistry 
S. R. Palit, D.Sc., F.R.I.C., F.N.A., Professor 
Sadhan Basu, D.Sc., F.R.I.C., F.N.A., 
Research Officer 
J. N. Sen, D.Sc., Reader 
M. N. Das, D.Sc., Research Officer 
P. Mukherjee, Ph.D., Reader 
Subhas Chadha, Ph .D., Research Officer 
Department of Organic Chemistry 
S. M. Mukherjee, Ph.D., D.Sc., F.N.A., 
Reader 
N. K. Bhattacharya, Ph.D., Research Officer 
N. N. Saha, Ph.D., Research Officer 
S. L. Mukherjee, Ph.D., Research Officer 
S. K. Dasgupta, Ph.D., Reader 
R. Banerjee, Ph.D., Research Officer 
P. B. Dutta, Ph.D., Research Assistant 
B. Sinha, Ph.D., Research Assistant 
Dipali Mukherjee, M.Sc., Research Assistant 
A. K . Chatterjee, Ph.D., Research Officer 
N. R. Chatterjee, M .Sc., Research Assistant 
Department of Inorganic Chemistry 
P. Ray, D.Sc., F.N.A., Professor 
P. C. Banerjea, Ph.D., Research Officer 
D. Banerjea, Ph.D., D.Sc., Reader 
A. Ahmed, Ph.D., Research Officer 
M. S. Mohan, Ph.D., Research Officer 
N. K. Dutt, D.Sc., F.R.I.C., Professor 
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Department rif Macromolecules 
P. Bagchi, M.Sc., M.S. (Brooklyn), Reader 
D. Choudhury, Ph.D., Research Officer 
A. K. Sircar, Ph.D., Research Officer 
S. K. Mukherjee, D.Sc., Professor 
U.S. Nandi, Ph.D., Reader 
RESEARCH ASSOCIATES OF 
Prof. C. V. RAMAN 
IN CALCUTTA 
A. N. Banerjee 
B. N. Banerjee 
D. Banerjee 
K. Banerjee 
S. K. Banerjee 
N. M. Basu 
S. Bhagavantam 
D. K. Bhattacharyya 
S. W. Chinchalkar 
T. K. Chinmayanandam 
B. N. Chuckerbutti 
W. M. Dabadghao 
P. Das 
A. B. Datta 
G. L. Datta 
S. K. Datta 
A. Dey 
]. Dhar 
A. S. Ganesan 
P. N. Ghosh 
R.N. Ghosh 
M. V.John 
]. C. Kameswara Rav 
N.C. Krishnaier 
K. Krishnamurti 
P. Krishnamurti 
K. S. Krishnan 
V. Lough 
C. Mahadevan 
L. D. Mahajan 
M. N. Mitra 
S. K. Mitra 
B. Mukhopadhyaya 
K. L. Narasimham 
N. G. Pai 
S. Paramasivan 
P. K. Pillai 
S. C. Pramanik 
C. Prasad 
B. V. Raghavendra Rao 
S. Ramachandra Rao 
I. Ramachandra Rao 
M. Ramanadham 
K. R. Ramanathan 
S. S. Ramasubramanyan 
L.A. Ramdas 
S. P. Ranganadham 
S. Ranganathan 
B. B. Ray 
K. Seshagiri Rao 
N. K. Sethi 
S.C. Sirkar 
C. M. Sogani 
B. N. Srinivasan 
N. K. Sur 
V. S. Tamma 
V.I. Vaidyanathan 
M.P. Venkatarama Ayyar 
S. Venkateswaran 
L. Srinivasan 
RESEARCH ASSOCIATES OF 
Prof. K. S. KRISHNAN 
S. W. Chinchalkar 
N. Gopal Pai 
S. Ranganadhan 
B. C. Guha 
A. L. Banet:iee 
A. Mookherjee 
A. Bose 
S. C. Ganguly 
]. Dhar 
M.S. R. Achari 
D. P. Roy Chowdhury 
S.C. Deb 
A. C. Guha 
N. L. Ganguly 
]. Shankar 
S. Parthasarathi 
S. L. Chorghade 
W . .J . .John 
T. S. Ananthapadmanabhan 
B. Roy 
V. R. Ramnathan 
S. Narayanswamy 
H. K. Pal 
K. Krishnamurthy 
B. N. Mukherjee 
D. C. Chakravarty 
P. Sen 
D. V. Kamath 
B. V. Gokhale 
J. Bhattacharya 
P. K. Sheshan 
M. S. Joglekar 
S. Sunderrajan 
A. C. Sethi 
V. C. Verghese 
B. Saha 
A. Chandrasekharaiah 
A. K. Dutta 
R. Gopalachari 
Innas Ali 
K. Venkataraman 
K. G. Krishnamurthi 
S. Balsundaram 
H. K. Bhuiya. 
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ADMINISTRATIVE, TECHNICAL 
AND LIBRARY STAFF WHO 
SERVED THE INSTITUTE 
Balaram, Mali 
Bagchi, Shyamal K ., Mate 
Banerjee, K., Director 
Banerjee, Siba Prasad, Lab. Asstt. 
Banerjee, Keshab Chandra, Electrician 
Banerjee, A N., Asstt. Editor, I.J.P. 
Banerjee, Basudeb, Lab. Attendant 
Banerjee, Sachi Nath, Clerk 
Banerjee, Arun Kumar, Clerk 
Barna, Birendra La!, Bearer 
Basu, Subir Kumar, Lab. Asstt. 
Behary, Bearer 
Bhattacharya, S. P., Office Superintendent 
Bhattacharya, K., Librarian 
Biswas, S., Asstt. Librarian 
Biswas, Santosh, Lab. Asstt. 
Brahma, P. C., Telephone Operator 
Chakravorty, Subodh K., Glass Blower 
Chakravorty, Haran Kumar, Glass Blower 
Chakravorty, Anutosh, Accountant 
Chakravorty, Krishna K., Lab. Asstt. 
Channa 
Chatterjee, Madhab Chandra, Typist Clerk 
Chatterjee, Kalyan K .,Workshop Supervisor 
Chatterjee, Sunil, Clerk 
Chongdar, Moni Mohan, Mechanic 
Choudhury, Moni Mohan, Lab. Asstt. 
Das, Dhirendra Nath, Head Mechanic 
Das, Mongal Chandra, Lab. Attendant 
Das, Rasik Chandra, Office Superintendent 
Das, Megh Lal, Mechanic 
Das, Satish Chandra, Mechanic 
Das, Bishnupada, Mechanic 
Das, Gour Gopal, Mate 
Das, D. N., Mechanic 
Das Gupta, Sushi! Ranjan, Stenographer 
Deb, Adhir Ranjan, Asstt. Secretary, I.J.P. 
Deb, Prasanta Kumar, Accountant 
Dey, Motilal, Mechanic 
Dey, Ashutosh, Mechanic 
Dey, Ananta Kumar, Glass Blower 
Dutta, Nirmal Kumar, P. A. to Director 
Dutta, Baidyanath, Bearer 
Dutta, Sisir Kumar, Lab. Asstt. 
Dutta Roy, Amitabha, Steno-Typist 
Hariram, Bearer 
Jana, Bhaskar 
Kar, Pulin Behari, Workshop Supervisor 
Karan, Narayan Chanda, Mali 
Karfa, Ajit Kumar, Lab. Asstt. 
Karmakar, Mrinal Kanti, Lab. Attendant 
Khan, Sashi Bhusan, Librarian 
Kundu, Monoranjan, Lab. Asstt. 
Mahi, Bhaskar 
Mallick, Kanai Krishna 
Mazumdar, Mono Mohan, Asstt. Secretary, 
I.J.P. 
Mazzulal, Sweeper 
Methon 
Mitra, Kalyan Kumar, Lab. Asstt. 
Monda!, Sarati, Bearer 
Monda!, Udiya, Bearer 
Mukherjee, Harakali, Record Clerk 
Mukherjee, Hiron Kumar, Steno-Typist 
Mukherjee, S. C., Compositor 
Mullick, Kanai Krishna, Typist Clerk 
Nag, Dhirendra Chandra, Steno-Typist 
Nag, Monoranjan, M echanic 
Nag, M. R., Mechanic 
Pal, Satyaranjan, Lab. Attendant 
Paul, Sone, Sweeper 
Paul, Gobinda, Lab. Asstt 
Paul, Srish Chandra, Accountant 
Pathak, Nisit Kumar, Lab. Asstt. 
Pandey, Bhola, Darwan 
Parijat 
Prasad, Gobinda, Bearer 
Prodhan, S., Bearer 
Prodhan, Sitaram, Bearer 
Pusti, Nirakar, Bearer 
Ram, Subalak 
Ram, Janki, Lab. Attendant 
Ramchandra, Sweeper 
Roy Choudhury, Tulshi, Clerk 
Ray, Govinda Prasad, Librarian 
Roy, Dwija Pada, Clerk 
Roy, Dinataran, Lab. Attendant 
Roy, Ramani Mohan, Registrar 
Roy, Sunil Chandra, Accountants Clerk 
Roy, Jyotibrata, Lab. Assistant 
Roy, Gopimohan, Accountant 
Roy, Sambhu Nath, Accounts Officer 
Roy, Ajit Kumar, Lab. Asstt. 
Roy, Joydeb, Lab. Attendant 
Roy, S. R ., Overseer 
Roy, A. K., Bearer 
Roy, Saroj Kumar, Clerk 
Roy, Amalangsu, Lab. Attendant 
Roy, U. R., Attendant 
Roy, B. C., Attendant 
Saha, M . N., Director 
Saha, Poritosh Chandra., Asstt. Glass Blower 
Saha, Tarapada, Mechanic 
Samanta, Surendra Nath, Bearer 
Sarkar, S. R., Bearer 
Sarkar, Amalendu, Lab. Asstt. 
Sirkar, Hemanta Kumar, Lab. Attendant 
Seal, Subodh Kumar, Glass Blower 
Sen, A. K ., Asst. Librarian 
Sengupta, Narendra Nath, Glass Blower 
Sengupta, Hariprasad, Clerk 
Shamal, Giridhari 
Singh, Manwar 
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Singh, Mewa, Sweeper 
Sinha, Nalinaksha, Superintendent 
Sinha, Uday, Clerk 
EXISTING MEMBERS OF 
THE ACADEMIC STAFF 
Director's Research Unit 
D. Basu, Ph.D., Director 
D. M. Bhattacharyya, :M.Sc., Research 
Assistant 
Central Scientific Services 
Dr. R. K. Sen, D.Sc., Reader 
Department of General Physics & X-rays 
A. K. Barua, Ph.D., Professor 
S. P. Sengupta, Ph.D., Reader 
S. Chatterjee, Ph.D., Reader 
A. K. Batabyal, Ph.D., Lecturer 
A. K. Pal, Ph.D., Lecturer 
T. K. Rai Dastidar, Ph.D., Lecturer 
S. K. Sen, Ph.D., Lecturer 
S. Saha, Ph.D., Research Assistant 
Department of Magnetism 
A. K. Dutta, M.Sc., Reader 
U.S. Ghosh, Ph.D., Reader 
S. Ray, D.Sc., Reader' 
R. N. Bhattacharya, Ph.D., Lecturer 
A. K. Pal, Ph.D., Lecturer 
R. K. Mukherjee, Ph.D., Lecturer 
(Mrs.) D. Ghosh, Ph.D., Research Assistant 
Department of Optics 
G. S. Kastha, D .Sc., Professor 
S. B. Roy, Ph.D., Reader 
S. B. Banerjee, Ph.D., Reader 
D. K. Mukherjee, Ph.D., Lecturer 
S. Chattopadhyay, Ph.D., Research Assistant 
A. Hasan, Ph.D., Research Assistant Tech. 
Department of Theoretical Physics 
N. C. Sil, Ph.D., Professor 
V. P. Gautam, Ph.D., Reader 
S. C. Mukherjee, Ph.D., Reader 
S. Sarkar, M.Sc., Lecturer 
A. S. Ghosh, Ph.D., Lecturer 
K. Bhadra, M.Sc., Technical Assistant 
Department of Physical Chemistry 
M. Choudhury, Ph.D., Professor 
S.N. Bhattacharyya, Ph .D., Research Officer 
B. M. Mandai, Ph.D., Research Officer 
S. Mukherjee, Ph.D., Research Assistant 
Department of Organic Chemistry 
P.C. Dutta, D.Sc., F.A.Sc., F.N.A., Professor 
U. R. Ghatak, Ph.D., F.A.Sc., Reader 
D. Mukherjee, Ph.D., Reader 
A. S. Sarma, Ph.D., Research Officer 
(Mrs.) C. Dutta, M.Sc., Micro-analyst 
R. V. Venkateswaran, Ph.D., Research 
Assistant 
Department of Inorganic Chemistry 
S. N. Poddar, Ph.D., D.Sc., Reader 
S. Ghosh, Ph.D., Lecturer 
N. Roy Chaudhuri, Ph.D., Lecturer 
K. Nag, Ph.D., Lecturer . . 
P. K. Banerjee, Ph.D., Research Assistant 
l\1. Chowdhury, M.Sc., Research Assistant 
Department of Macromolecules 
C. V. N. Rao, Ph.D., D.Sc., Professor 
A. K. Chaudhuri, Ph.D., Reader 
A. K. Mukherjee, Ph.D., Reader 
N. Roy, Ph.D., Lecturer 
D. K. Basu, Ph.D., Lecturer . 
B. P. Chatterjee, Ph.D., Research Assistant 
EXISTING POOL OFFICERS 
M. Dey, Ph.D. 
T. K. Mitra, Ph.D. 
(Mrs.) D. Pal, Ph.D. 
A. Nandi, Ph.D. 
(Miss) S. Chakrabarty, Ph.D. 
EXISTING RESEARCH FELLOWS 
Director's Research Unit 
(Miss) K. Sarkar, M.Sc. 
(Mrs) M. Bhattacharyya, (Nandi), M .Sc. 
(Miss) S. Biswas, M.Sc. 
A. Chakraborty, M.Sc. 
D. P. Bhattacharya, Ph.D. 
Department of General Physics & X-rays 
(Mrs.) K. K. Dutta, Ph.D. 
(Mrs.) S. Ray, Ph.D. 
(Mrs.) K. Rai Dastidar, Ph.D. 
(Miss) P. Seal, Ph.D. 
U. De, M.Sc. 
S. S. Bhattacharyya, M.Sc. 
S. Halder, M.Sc. 
A. Chatterjee, M.Sc. 
(Mrs.) S. Sen, M.Sc. 
S. K. Pal, M.Sc. 
(Miss) P. Sinha, M.Sc. 
(Miss) M. Guha, M.Sc. 
(Mrs.) J. Cqaudhury, M .Sc. 
N. C. Debnath, M.Sc. 
M. B. Dutta, M.Sc. 
T. P. Bandyopadhya, M.Sc. 
R. K. Nandi, M.Sc . . 
(Miss) S. Chowdhury, M.Sc. 
(Mrs.) P. Sen, M.Sc. 
S. Bhanja, M.Sc. 
Department of Optics 
P. K. Mallick, M.Sc. 
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J . N. Som, M.Sc. 
D. Bhowmik, M.Sc. 
S. K. Roy, M.Sc. 
A. K. Sarkar, M.Sc. 
K. Sen Gupta, M.Sc. 
S. Chakravorti, M .Sc. 
T. Ganguli, M.Sc. 
R. Das, M.Sc. 
S. K. Ghoshal, M.Sc. 
Departmmt of !11agnetism 
(Mrs.) C. Basu, M.Sc. 
(Mrs.) M. Ghosh, M.Sc. 
A. K. Ghoshal, M.Sc. 
A. K . Mukherjee, M .Sc. 
B. R. Chakrabarti, M.Sc. 
(Miss) B. Roy, M.Sc. 
J. Sthanapati, M.Sc. 
(Miss) V. Gomathy, M.Sc. 
B. K. Chowdhury, M.Sc. 
C. R. Maiti, M.Sc. 
D. K. Dey, M.Sc. 
Akhil Bose, M.Sc. 
Department of Theoretical Physics 
(Mrs.) K. Roy, M.Sc. 
H. Roychoudhuri, M.Sc. 
P. Sinha, M.Sc. 
B. C. Saha, Ph.D. 
P. Mandai, M.Sc. 
N. Maiti, M.Sc. 
A. C. Roy, M .Sc. 
S. Sur, M.Sc. 
A. K. Das, M .Sc. 
T. J. Majumdar, M.Sc. 
B. Bagchi, M.Sc. 
(Miss) S. Khatun, M.Sc. 
(Mrs.) C. Sinha, M.Sc. 
(Miss) I. Bose, M.Sc. 
(Miss) N. Dutta Majumdar, M.Sc. 
Department of Physical Chemistry 
A. K. Banthia, Ph.D. 
A. Sarkar, Ph .D. 
N. Vidyarthi, M.Sc. 
S. Bhattacharyya, M.Sc. 
A. Chaudhuri, M.Sc. 
J . K. Bag, M .Sc. 
S. Biswas, M .Sc. 
M. Srivastava, M.Sc. 
(Miss) S. Chaudhury, M.Sc. 
S. D. Sinha, M .Sc. 
(Miss) S. Ghosh, M.Sc. 
Department of Organic Chemistry 
(Miss) S. Chakrabarty, Ph.D. 
(Mrs.) B. Sanyal, Ph.D. 
T. K . Das, Ph.D. 
J. K. Ray, M.Sc. 
C. R. Misra, M.Sc. 
S. Chatterjee, M.Sc. 
P. K. Ghosal, M.Sc. 
P. L. Goswami, M.Sc. 
S. K. Alam, M.Sc. 
A. Sarkar, M.Sc. 
Prabir Kr. Ghosal, M.Sc. 
S. Ghosh, M .Sc. 
S. Maji, M.Sc. 
U. Sanyal, M.Sc. 
M. Sarkar, M.Sc. 
(Miss) A. Ghosh, M.Sc. 
Department of Inorganic Chemistry 
(Mrs.) C. Ghosh, Ph.D. 
N. S. Das 
S. Roy Chowdhury, Ph.D. 
A. K. Deb, M.Sc. 
P. K. Roy, M.Sc. 
S. M. Bhattacharya, M.Sc. 
D. S. Joardar, M.Sc. 
G. K. Pathak, M.Sc. 
A. K. Roy, M .Sc. 
S. Mitra, M.Sc. 
S. K. Mondal, M.Sc. 
A. K. Das, M.Sc. 
T. K. Bandopadhyay, M.Sc. 
A. K. Sanigrahi, M.Sc. 
Department of Macromolecules 
(Mrs.) M . Sarkar, M.Sc., Ph.D. 
(Mrs.) S. Ghosh, M.Sc., Ph.D. 
S. K. Majumdar, M.Sc. 
A. Roy, M.Sc. 
S. B. Bhattacha:ryya, M.Sc. 
S. Purakayastha, M.Sc. 
S. K. Ghosh, M.Sc. 
T. Biswas, M .Sc. 
A. Guha, M.Sc. 
P. S. Bhattacharyya, M.Sc. 
A. K. Sen, M.Sc. 
A. S. Rao, M .Sc. 
EXISTING ADMINISTRATIVE, 
LIBRARY AND TECHNICAL 
STAFF 
Aich, Priyalal 
Bagchi, Mahindra Nath 
Banerjee, Joydeb 
Banerjee, Sujit Kumar 
Banerjee, Swapan Kumar 
Barua, Gajendra Lal 
Barua, Jayanta Kumar 
Barua, Bibhuti Bhusan 
Basak, Biswanath 
Basak, Dulal Chandra 
Basak, Gour Chandra 
Behura, Harekrishna 
Behura, Krutibas 
Behura, Nityananda 
Bhattacharyya, Amit Ranjan 
PLATE XXX 
SOME OF OUR VISITING PROFESSORS AND RECIPIENTS OF MEDALS 
Niels Bohr D. H. R . Barton 
Alexander Fleming F. W. Aston 
K. Venkataraman R. Robinson 
PLATE XXXI 
SOME OF OUR VISITING PROFESSORS (Contd.) 
P. M. S. Blackett P . .-1 . 1\f. Dirac 
Jd. T. F. Von Laue A. T iselius 
G. Herz berg Henry Dale 
PLATE XXX II 
SOME OF OUR VISITING PROFESSORS (Contd) 
Irene Joriot Curie R. B. Woodward 
]. D. Bernal 
R. A. Millikan Paul Karrer 
PLA TF. XXX TTl 
SOME OF OUR VISITING PROFESSORS (Contd.) 
Frederic Joliot A. V. Sz:enl-GJ>orgyi 
H.]. Bhabha 
Albert Einstein 
T. R. Seshadri S. S. Bhalnagar 
Bhattacharyya, Baidyanath 
Bhattacharyya, Sanat Kumar 
Bhattacharyya, Saradindu 
Bhowmick, Thakur Chand 
Bose, Amiya Kumar 
Bose, Prithwish Kumar 
Bose, Provash Chandra 
Chakraborty, Amar Nath 
Chakraborty, Asoke Kumar 
Chakraborty, Chittaranjan (No. I) 
Chakraborty, Chittaranjan (No. 2) 
Chakraborty, Jagneswar 
Chakraborty, Naresh Chandra 
Chakraborty, Narayan Chandra 
Chakraborty, Nishi Kanta 
Chakraborty, Uttara Kanta 
Chakraborty, Salil Ranjan 
Chakraborty, Sanjit 
Chanda, Dhirendra Chandra 
Chandra, Nil Ratan 
Chandra, Patit Paban 
Chandra, Sunil Kumar 
Chatterjee, Asok 
Chowdhury, Chitta Ranjan 
Chowdhury, Monoj Mohan 
Chowdhury, Nikhilesh 
Chowdhury, Atul Chandra 
Chowdhury, Prafulla Ranjan 
Chowdhury, Ram Narayan 
Chowdhury, Soumen 
Das, Basanta Kumar 
Das, Biswa Nath 
Das, Joy Dulal 
Das, Ram Dulal 
Das, Kamala Kanta 
Das, Upendra Nath 
Das Gupta, Arun Kumar 
Das Gupta, Nitish Kanti 
Das Gupta, Parimal 
Das Gupta, Rakhal Chandra 
Das Gupta, Subir Kumar 
Das Roy, Narayan 
Dey, Asim Kumar 
Dey, Gopal Chandra 
Dey, Manick Chandra 
Dey, Santosh Kumar 
Dhara, Madhusudan 
Dutta, Akhil Bandhu 
Dutta, Sadhan Kumar 
Dutta, Subhas Kumar 
Dutta, Samarendra Nath 
Dutta, Tara Pada 
Dutta, Monoranjan 
Dutta Gupta, (Mrs.) Manika 
Ganguly, Nilesh 
Ghatak, Adhir Nath 
Ghosh, Benoy Krishna 
Ghosh, Rabindra Kumar 
Ghosh, Provash Chandra 
Ghosh, Pran Krishna 
Ghosh, Nitya Gopal 
Ghosh, Netai Chandra 
Ghosh, Nil Madhab 
Ghosh Roy, Amar 
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Ghosal, Ashutosh 
Ghosal, Beni Madhab 
Guchait, Kashi Nath 
Islam, Emdadul 
Jadav, Trilochan 
Kar, Chandra Kumar 
Kar, Harish Chandra 
Karan, Hrishikesh 
Kurmi, Kamal 
Kurmi, Narayan 
Lala, Amaresh Chandra 
Lala, Naresh Chandra 
Maitra, (Mrs.) Amala 
Maity, Bijoy Kumar 
Majumdar, Rebati Mohan 
Majumdar, Jyotish Chandra 
Majumdar, Chandra Bhusan 
Majumdar, Chandrahari 
Majumdar, Kartick Chandra 
Majumdar, Dipak Kumar 
Manna, Balai Chandra 
Manna, Pralhad Kumar 
Misra, Abani Kumar 
Mitra, Sakti Ranjan 
Mitra, Shyamalendu 
Monda!, Bhagawan 
Monda!, Panchanan 
Monda!, Parameswar 
Mookherjee, Bimal Kumar 
Mukherjee, Amal Kumar 
Mukherjee, Ajoy Kumar 
Mukherjee, Debidas 
Mukherjee, Narayan Chanclra 
Mukherjee, Sasanka 
Mukherjee, Tapash Kumar 
Mukherjee, Sanjoy 
Mukherjee, Gouri Sankar 
Nandy, Subodh Chandra 
Nandy, Rohini Ranjan 
Nandy, Sachindra Nath 
Nath, Kanai Chandra 
Nath, Sambhu Charan 
Nath, Rakhal ChaF-dra 
Nayak, Baidhar 
Paul, Sukharanjan 
Paul, Sudhir Ranjan 
Paul, Sanat Kumar 
Paul, Santosh Kumar 
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Paul, Nirmal Kumar 
Paul, Anilendra Nath r. QR ~ 0 Paul, Dilip ~-... \ ~£ - . 
Pandey, Raghoo ' ' · · 
Peearilal i > 
Pradhan, Pradip Kum ,· 0 -· 
Prasad, Bijoy -
Rauth, Suresh - . 
Rauth, Prabhu 
Rauth, Kishori 
Ramjnan 
Ram Prakash 
Ray, Amal Kanti 
Roy, Indu 
Roy, Jitendra Kumar 
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Roy, Salil Kumar 
Roy, Swadesh Ranjan 
Roy, Bimalendu 
Roy, Bimalandu 
Roy, Sibu 
Roy, Nityananda 
Roy, Sisir 
Roy Chowdhury, Chinmoy 
Roy Chowdhury, (Mrs.) Manjula 
Sadhu, Netai Chandra 
Saba, Manatosh 
Saba, Ranajit Kumar 
Saba, Narayan Chandra 
Samanta, Gopal Chandra 
Sarder, Kshetra Mohan 
Sanyal, Ratan Kumar 
Sarkar, Amulya Kumar 
Sarkar, Malay Kumar 
Sarkar, Samarendra Nath 
Sarkar, Sourindra Nath 
Sarkar, Harinarayan 
Sarkar, Sudhir 
Sharma, Damodar · 
Sen, Samarendra Nath, Registrar 
Sen, (Miss) Shipra 
Sen Sarma, Monoranjan 
Seal, Ramendra Narayan 
Sil, Sailen 
Singh, Jaladhar 
Singh, Radhe 
Singh, Nihal 
Singh, Jang Bahadur 
Shyamal, Jagar 
Shiblal 
RESEARCH FELLOWS AND 
RESEARCH STAFF WHO 
OBTAINED DEGREES 
Central Scientific Services 
1960 B. N. Mukherjee, Ph .D. 
1965 A. Prakash, Ph.D. 
1965 A. K. Pant, Ph.D. 
1969 S. K. Talapatra, Ph.D. 
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